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PKEPACB. 


Thla  volume  has  been  prepared  to  serve  as  a  text  book  in 
the  study  of  the  principles  \anderlylng  the'  calculation  of 
electrical  apparatus  and  also  to  be  used  as  a  inanxial  In  fleslcn- 
Ing  electrical  machinery. 

In  studying  the  subject,  there  are  certain  fundamental 
principles  and  phenomena  of  general  application  which  must  be 
comprehended  before  taking  up  the  special  branches  of  design- 

■ 

Host  of  these  principles  are  thoroughly  treated  In  the  various 
text  books  on  the  different  subjects,  and  a  knowledge  of  this 
on  the  part  of  the  student  Is  assumed. 

It  Is  the  Intent  of  this  vjj)j|!Lime  to  cover  the  design  of 
.Electromagnets,  Electromagnetic  Clutches  and  Brakes,  Heating 
Apparatus,  Bheostats,  Blrect  Current  Generators  and  Motors, 
Alternators  and  Alternating  Current  Mo tors j  Converters  and 
Transformers.  Various  sources  of  Information  have  been  sought, 
and  the  previous  edition  on  this  subject  by  If.   E.  Ooldsborough 
and  the  author  has  been  largely  drawn  upon*  HThere  It  Is  pos- 

« 

slble,  the  authorities  have  been  mentioned  and  numerous  refer- 
ences are  given  to  guide  those  who  may  desire  to  make  a  more 
comprehensive  study  of  a  particular  phase  of  the  subject. 

A  large  amount  of  original  data,  published   here  for  the 
rirst  time,  have  been  added,  and  examples  of  the  calciolation  of 
the  various  type?  of  apparatus  are  Given. 

No  apology  Is  made  for  the  form  In  which  the  borok  has  been 
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issued.   The  rapid  development  of  electrical  apparatus  and  the 
consequent  changes  in  the  design  of  the  same,  make  it  both 
impr-acticable  and  inadvisable  to  issue  a  book  in  any  but  a 
flexible  form.   It  is  the  purpose  of  the  author  to^keep  the 
work  revised  up  to  date  with  new  editions  as  necessity  nay 
require. 

The  stuc?'^..!^  ^Loiild  realize,  early  that  accuracy  and  ROod 
judgment  must  enter  into  the  design  v/hich  is  to  be  of  merit. 

A  sense  of  the  general  fitness  of  things  is  essential.   Elec- 
trical nachinisry  is  made  to  be  sold.   The  good  designer  must 
not  only  make  a  machine  of  good  economy,  but  also  one  which 
can  be  constructed  and  sold  at  a  profit.   An  efficient  monstro- 

■ 

sity  is  not  what  is  desired.   The  best  design  is  one  y/hich 
will  produce  a  machine  of  good  economy,  one  which  is  substantial 
and  cheap  to  construct  and  a  marvel  of  simplicity. 


LaFayette,  Indiana,  September,  1905. 
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PART  OHE. 


JIATERIALS  OP  CONSTRUCTION. 
In  general,   four  classes  of  materials  are  used  in  the 

•  t 

I 

construction  of  electrical  apparatus,  namely  ,  electric^conduc 
ors,  insulators t  maf^netic  conductors  and  thoae  materials  which 
go  to  make  up  the  mechanical  construction  of  the  machine.   As 


there  are  a  variety  of  materials  which  may  be  used  for  each  of 
the  purposes  mentioned,  and  further,  since  there  are  various 
grades  of  any  one  material,  a  knowledge  of  the  characteristics 
a^nd  qualities  of  the  various  materials  will  be  of  value^ 

MAOKBTIC  MATERIALS. 


The  magnetic  circuits  of  all  electrical  apparatus 
made  of  iron  in  some  one  of  its  various  forms*   The  most 
common  of  these  are  cast  iron,  cast  steel,  and  sheet  steel. 
Tlie  magnetic  quality  of  iron  varies  considerably,  depending 
both  upon  the  chemical  composition  and  the  treatment  received 
during  the  process  of  manufacture*   ?or  example,  the  addition 

of  manganese  to  steel  almost  wholly  destroys  Its  Tnagnetic 
properties.   The  hardening  of  sheet  steel  during  the  process 
or  rolling,  cutting  and  punching  greatly  Increases  its  hystere- 
tic  constants,  while  annealing  It  tends  to  soften  the  iron, 
and  if  properly  done,  reduces  the  hysteresis  loss.   It  v/ill 
Uiarefore  be  seen  that  a  rather  definite  knowledge  on  the  part 
of  the  designer  of  the  materials  which  are  to  be  used  in  the 
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xnaf^netic  cireultB  1&  essential. 

PERMEABILITY  TESTS. 

T^ith  but  few  exceptions  I  the  marnetlc  fields  of  ^lecti^lc 
machinery  are  produced  by  electronaciiets,  the  result  of  r:*if:net- 
IzlnR  action  produced  by  colls  of  wire  In  which  a  curri^nt  flows. 
Prom  the  standpoint  of  efficiency  anrl  cost  of  copjier,  oth^r 
things  belnc  equal,  Iron  which  has  the  hlfipiest  perxaeabillty 
should  be  soui;:ht.   In  manufacturing;  electrical  machinery, 
frequent  tests  of  the  Iron  are  necessary  In  order  to  make  sure 
that  the  quality  Is  uniform  and  up  to  the  required  standard. 

There  are  many  methods  of  maklnf;  these  testSf  som^  Tiossess- 
ed  of  great  accuracy,  others  plvinf;  results  which  are  only 
reliable  so  far  as  the  relative  accuracy  Is  concerned.  The 
00  called  ring  method,  which  consists  of  winding  an  annular 
ring  uniformly  with  Insulated  wire  to  form  a  primary  winding 


over  which  a  secondary  coll  of  fine  wire  Is  placed,  has  been 
much  used.   The  primary  winding  is  connected  to  a  source  of 
current  throu(«:h  an  adjustable  resistance,  an  ammeter,  and  a 
reversing  key,  as  shown  In  Pig.  1.   The  secondary  turns  are 
connected  to  a  balistlc  galvanometer.   A  standard  condenser, 
an  earth  coll,  or  a  long  solenoid  must  be  employed  to  standard^* 
ize   the  galvanometer. 


The  process  of  making  the  test  is  briefly  as  fo] 


Basixining  with  a  small  value  of  current  in  the  primary,  the 
reversing  key  is  quickly  thrown  and  the  reading  of  the  galvan- 
ometer, due  to  the  charge  induced  In  the  seconda^^y,  is  noted. 
Ifiten   several  readings  have  'beon   thus  taken,  the  current  i3 
increased  In  value,  and  readirifis  taken  as  before.   This  process 


'/ 


is   contim-.ed  until  the  maximuin  value    of  cxir'^irt  iia^  b^eik  r^^-^hau 

To  calibrate  the   instrunent,    the   current   is  sent  through 
the  primary  winding  of  the  callbratirig  coil  and  reversed  as 
above  and  the     readings  of  the   instruoaent  noted.      In  as  imich  as 
the  strength  of  the  field   in  the  calibrating  coll   is  directl/ 
proportional  to  the  current   in  its  primary  winding,  a  set  of 
readings  with  one  value  of  current   is  sufficient  to  standardize 
the   Instruiaent.     The  magnetic  density  of  the  specimen,  is 
calculated  from  the  equation:-   " 
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T/here,  n  ^    number  of  secondary   turns   in   the  standardizing 

coil. 

n»  =  number  of  primary  turns  per  centimeter  on  the 
standard izinr;  coll. 

\  a  rr  cross  sectional  area  of  standardizing  coil. 

T   ^    the  number  of  secondary  turns  on  the  specimen. 

Tr^-  the  resistance  of  the  secondary  circuit  during 
standardization* 

1.  =  current  in  the  primary  of  the  standardizing  coil 

A  f  the  area  of  the  specimen  in  sq.  cm. 

'Rg^  the  secondary  resistance  d^irlng  test. 
i» 
d  s  reading  of  the  galvanometer  during  standardiza- 
tion. 

D  r:  reading  of  the  galvanometer  during  test* 

As  the  flvoc  in  the  iron  increases,  some  provision  must  be 

siade  for  kcoptng  tie  galvanometer  readings  witiin  the  limits  of 

tho  scale.   This  may  be  done  eitlier  by  inserting   resistance  * 

»   Tr^no.  A:uer.  SorjAet;  Tcr  Testinr  J/afls.  Vol.  4,  '04. 
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irL  serees  with  the   fialvanometv'^,    o^  b;v   dec^easinr    the   munoe'-   of 
seconc'ory   tv/'^ns.      The   latt"^'-  icethocl   ib  pref-rabl-,    as  a   chc-ntze 
in  the   resistance   of   the   galvanometer  circi^it   altc-s   the    con- 
stants  of   the    Instruzpent.      Pig.    5    illustrates  a  nethor!   of 
v.'indinf:    t^.e   eooonf.a'^:'   tu'^ns,  mr'i-.inr  p'^ovi*:.ion   for  va^^yinr*  the 
actiV3   fparfoer.      The   b-econr»a*"v  coil   is    tuTjrjed  at    inte>-vHls  and 


*  J. 


connected   to   small  mercury   cvps.      A  secon^-.   rc'v   o'^  ne^'cnry  cups 
is  }  Iciced  beside   tl:e   first  ro.,?,   a  ^r.  bet'veen  these,   ^"  ^-esistance 
is  placed  w.'Mclx  is  equal   to  that  of   t/i'^  \/indinp;  coanected 
bet   een  the   o;  -osite  pair  of   ".eminals.    Hy   inserting:  -i  sneill 
ccniiector  bet   -  en  any  pair  of  nercury  cups,    the   desired  mmber 
of   secondary    ta>*ns  may  be   obtained,   wh'le   the   rfisistHnce   of 
the  circuit   :-s  a  ^vliole  will  remain  unchanged. 

To   stin>lify  t3:e   calculation,    the   secondary  windinf  of  the 
calibratinr  coil  may  b^?  left    in  th^  circuit  throughout   the 
teat,    so   thct   the    resistance  durinr  the   test  and.  du'^inf,   cali- 
bration is  the  same.      The  values  of  Rg  an^    T2  then  disappear 
2    ti)ft  eiiUation,   which  may  no^-  be  \/ritten:- 


n  n'   a   ( j  — ~ 

W  A  /  7^ 


B     =     4frn  n»    a    f \  -™  (3) 

The  ma ftnet emotive  force  H  in  Grilbe^ts   is  exijreaaed:* 


411 U  I 
H  r     (4). 

10  L 

■^fhere,      n  -  the  nt^uiher  oT  turns  on  the   ring^ 

1  =  the  riean  length  of  the  mafcnetizlnr;  coil   in  cm* 

which  in  the   case  of  a  ring   is  equal  toW   times 
the  mean  diameter  of  the  ring* 

"Vith  sensitive  apparatuts   in  the  h^inds  of  an  experienced 

operator,    the   galvanometer  method  is  productive   of  accurate 

resuXts,   but  unless  precautions  are    ta:<en  to  preclude  e^^^-ors, 

the    ring  method   is  likely   to  give   results  which  a^e  not  wholly 
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reliable. 

Itoder   tlie  auspices  of  the   courittee  appointed  by  the 
American  Society  for  Testing     Jitterials   to   investigate   the 
magnetic  properties  of  iron  and   steel,    the  author  conducted 
a  series  of  experiments  v/ith  a  view  to   investigatinij  the   relia- 
bility of  the  ring  method  as  a  means   of  testing   iron*     Jiixperi    \ 
ments  were  made  on  a  large  number  of   rings  of  different  diaiae 
ters;   various  methods  of  standardizing  the   inttn:inents  were  em- 
ployed and  the  galvanometer  controllod     both  by  changing   the 
secondary  resistance  and  the  nianber  of  secondary  turns.      The    tes 
tests   indicate   tliat  variable  results  may  be  obtained  fxoja  tlie 
same   iron  by  using  rings   of  different  sizes,    the   smaller   rlnrs 
giving   the  lower  values.     Variations  of  as  much  as  14  per  ;,ent. 
were  obtained.      In  each  case,    the  results    indicated  a  ve.rj  wide 
range   in  values  obtained  by  the  different  methods   of  standard- 
izing the  galvfiuaometer.      A  long  solenoia,    the  length  of  -v^i^.ch 
was  eighty  times   its  diameter,    gave   results  which  wi?rc   Cv5n..?s- 
tent  throughout.      The   tests  further   indicated   the  desirability 
of  changing   the  number  of  secondary  turns,   keepir.g  the   res  is;- 
tance  of    the  galvanometer  circuit  constant.      Soiie   of   the  r  ingg 
tested  and  the   results  obtained  are   sliown   in  Pl^,tf^s   1  anvl  2. 

In  the   following  pages  are  given  the  resul-^b  of  test--   on 
a  number  cf  samples   of  cast   iron,    cas  :   steel  and  b2ie.:t   stoel 
In  use  by  manufacturing  companies    in    uhj,s   ccuntiy.      The  rcr';ilts 
given   in  these   curves  were  obtained!   cy  means  of  an   l^Btrurient 
aspeciadly  designed  for  this  purpcs?e,   which  is   h»ho:vn  .in  Plate 
5.      The  apparatus   consists   of  an  armature  vhich  is   drivan  by  a 

constant  speed  motor.      The  magnetizing  coil  constitutes   the 

« 

field  winding,   and  the   test  bar  forms   the  field  core.      The 
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magnetic  density  in  the  specioien  is  indicated  by  the  readings 
of  a  direct  current  voltmeter,   and  the  magnetizing  force   is 
indicated  by  the  position  of  a  dial  switch^  which  changes   the 
numberof  active   turns   in  the  field  winding.     The  reluctance  of 
tlie  air  gap,  poles  and  arznature  core   is  compensated  for,   so  that 
tlie  i*esults  are   indicated  directly  without  calculation.      The 


;y  curve,  hysteresis  loop,   permanent  magnetism,   and 
coercive  force  of  a  specimen  may  be  obtained  in  two  or  three 
minutes  with  this  apparatus* 

Another  metliod  of  testing  the  permeability  of  iron  without 
the  tee  of  a  balistic  galvanometer   is  that  devised  by  Holden«      ^ 
The  aqpparatus  consists  essentially  of  a  pair  of  heavy  iron  ynkes 
between  whidi    a  standard  and  a  bar  to  be  tested  are  cljjiiped. 
The  rods  are  placed   in  parallel,   and  as  near  together  ^i,  possi- 
ble*     Immediately  above  the  bars   is  mounted  a  magne toicc-vcer, 
whose  needle  tends   to  lie  at  right  angles   to  the  fi:>zQB  *-f  tha 
bars.      The  two   test  bars  are  of  the  same   crons  S'ection   ^rd  when 
magnetized   to   the  sacie  density,    the  diffcieiicc  o?  r.:;t.-?^'.l5al 
between  the   clsmpinp;  yokos  would  b?  aoro,   and   the  ris.3n-jt(jrQeter 
needle  will  lie   in  its  nomial  pc£;i*:jcn-      If  the   :^*lux  i^:  cue 
bar  exceeds   that   in  the   otlicr^   a  d..rter«:.nce   ^f  mc-: r ^:  t io  poten- 
tial will   exist  b3tv/ceu   the   erc.c>    aiii    t/.iei  ■^al^s.^e   :^*lux  will 
tend  to  set  the  iragnetometer  neeile   at  rleit-  ari.p.rs    to  its^  zero 
position. 

The  process   of   tv^dti^^    conolBts   5.r.  prcdiicinfr  a  balanced 
condition  by  varying  the  cvrieruT.   ir   t.  lo  e:c:I*ii\^^  rol^jf   on  one 
or   both  the  bars.      The  B.    &  H     cu:/''-3   or  th3  rtanriard  bar  Jiaving 
been     previously     dctsn-iined,     when     the     balance     has     been 

*    Tlec    Tforlu,   Ju:ie   27,    1895. 
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prod-uced,  and  t^.='  magnetomotive  fores  on  the   standard  ba^ 
calculated,  th*?  value  of  B.  in  th©  test  bar  is  found  at  once 
from  tho  curve  of  the  standard  bar.   The  magnetizing  force  on 
the  t5st  bar,  as  well  as  that  of  the  standard  is  calculated 

fron  tho  e<iuation, 

4TrN  I 
H    ~ (5) 

10  L 

and  since  IT  and  L  are  constants,  we  may  wx4.te:- 

ATTn 


=     K  (6) 

10  L 


and  H  =  KI. 


In  testin<^  soft  iron,   this  aro^ratus  can  be  operated  with 


little  difficult;.s  but  vv'iere  residual  effects  are  of  consider- 
able xnapnitude  are  encountered,  considerable  diffic^xlty  will  be 
experienced   in  obtai-iitir  a  balance. 

HYSThE>?SIS  Aisl^  ET>rY  CURKSTT  LOSSES. 

'Shen  i'-on   is  subjected  to  a  cyclic  loannetizatlon,  ener/^y 
Is   expended,   due  to   the  hysteretic  effect  and   the  eddy  currents 
set  up   in  the   iron.      The  hysteresis  le%s  which  v^-iii  occur  in  a 
sample  of  iron  ma/  be  estimated  by  det^rpjininp  th-;  hysteresis 
loop     by  means   of  the  ballistic  galvanometer.      The  method  of 
tcstinr-:   is   the   saire  as    the  permeability  test,   except  Vvat   in- 
stead  of  revels in£:   the   cur-^ent,    it    is    increased  stepwise,   read- 
ings    of  the   instrument  beinf  taken  for  each  increment  of  cu'^rert 
Then  the  maximum  value   of  current  has  be.sn  reached,    the   c^irrent 
Is   decreased  stepv7ise%     'fJhen  the  zero  value  is  attained,    the 
reversing  key   is   thrown  and  the   current    increased    in   the 

ite  direction.      rhis   Qr>eratio'i    is   contiiiuod  until   the    iron 


r 


I        '*    •  lias  been  carried  through  a  compJUrfce  cycle.      If  these  restilts 


t   u 


•n" ,_ 


are  plotted,  an  encloeed  loop  will  be  formed.  By  ssaeurlng 
the  area  of  the  ciirve,  which  may  be  conveniently  done  by  meats 
of  a  planlmeter,  and  dividing  this  area  by  4 '/T  f  the  quotient 


will  be  equal  to  the  hysteresis  loss  of  one  conqplete  cycle » 
expressed  in  ergs  per  cubic  centimeter* 

This  hysteresis  constant  is  valuable  for  the  comparison  of 
different  samples  of  iron,  but  for  use  in  caltaxilationt  it  is 

k 

desired  to  have  the  loss  expressed  in  watts,  per  pound  per  cycle 
per  second.  Since  one  cubic  inch  of  iron  weighs  •TAZ  pounds, 

« 

and  one  cubic  inch  is  equal  to  16.4  cubic  centimeters,  the  watts 
psrr  cubic  inch  per  cycle  per  second  would  ^:« 

Area  x  16.4 

(7) 

10^  X  4;r 

•nd  the  wittts  per  pound  per  cycle  per  second  ^qual  to:* 

Area  x  16.4 

7 '  (8) 

4irx  10  X  .262 

This  method  of  testing  by  means  of  a  balistic  galvanometer 
Is  laborious  and  requires  considerable  calculation  to  derive 
the  results,  and  for  comaercial  work  some  method  which  gives 
the  data  directly  is  tumally  en^loyed.  The  method  ot  teatlng 
used  should  depend  upon  the  use  which  is  to  be  made  of  the  iron. 

Hysteresis  loss  in  iron  nay  be  produced  in  two  wayst  on* 
by  subjecting  the  iron  to  a  nagnetialng  force  which  passes 
through  a  sere  value  in  changing  from  positive  to  negative « 
•ad  the  ether  way  by  subjecting  it  to  a  ooastaat  *a|pietisatloa» 
«li4eli  varies  Ui  direotioa*  Ihs  ears  et  a  traasfonMr  is  an 

t 
* 

exasiple  ef  the  first  ease»  and  the  armature  ef  a'  geaaratar  ar 
BO  tor  will  serve  as  an  example  ef  the  latter. 
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Steinxnetz  jaa  alvmn  exparis^eirtally  ttet  the  Ivniraret^a 
loss   is  a  func^iox  of  the  maxlimazi  demilty  t«  ^Ich  the  ironoir 
carried  during  a  cycle,   and  since   in  both  araature  cora  and 
transformer  core  the  magnetisation  is  never  quite  TUifonh^ 
the  hysteresis  loss   is  difficult  to  calculate,   and  the  sample 
tested  should  bear  a  clos9  relation  to the  form  in  which  the 
iron  is  to  be  used. 

In  an  endeavor  to  determine  the  effect  of  variable  dis- 
tribution  of  flux^   frequency  of  magnet isat ion,   number  or  poles, 
etc«,   the  apparatus  shown  in  Plate  4  was  constructed  and  a 

9 

number  of  sheet  iron  cores  provided.'  Ea;ch  core  was  tested 
at  a  number  of  avei*age  densities  and  \mder  a  different  nvanber 
of  poles,  ranging  from  two  to  six*  Cores  of  the  same  depth, 
but  with  and  without  teeth  in  the  periphery  were  also  tested, 
and  these  underboth  laminated  and  solid  poles.  The  results  of 

•  ■ 

•  .  •  ■ 

the  tests  will  be  found  on     Plates  5,   6,   7  and  8,   as  follows:- 

Pig.   12  is  the  form  in  vdiich  the  original  data  v^as 
plotted,    the  curves  being  drawn  for  each  test  aL   tlie  di:.?t*crent 
frequencies  wt*h  watts  lose  per  pound  as  ?,bcip?c-E  and  ki3u-gaua- 
ses  density  as  ordlnater. 

Pig.    13  shows  the  difference   Jn  ths  less  o:*f   t'at   amooth 

cores,  v/ith  waits  per  pount^.  ab  aLcir.sa^  and     cy^.led   tim^s  kilo- 
gausses  as  ordin&1.&E 

Pig*    14  oho^ij.  tiic  relation  becwBvn  the  smooth  and  toothed 
cores  at  dify?erer;l  ueoisitj.  .e. 

Pig.    15  tbov/{?   t'no  average  lossea  under  all  the  poles  for 
the'diffei^ent  siiootli  coret;. 

Pig.    16   ai  ;ws   the  average  loeses  of  all* the  toothed  cores 
under  the  diff extent  polos. 

Pig-  17, 

Curve  No.l  give 3  the  average  results  of  kl  the 
emooth  corei;^  Ui:Jdc;r  SI  tue  poles. 

Curve  He.  S  giv3b  thj  avovafjs  of  1l1  the  toothed  cores  \inder 
all  the  poles. 

Curve  5fo.  3  Ir  t!:*;  ':./c-,^afc,3  cf  curv^cs  Ho.  1  and  No.  2. 
The  difference  between  ^^jrv*.  ITo  1  md  curve  No*  2  shows  the 
increase  in'th^  ct.re  loes  due  to  thej  iiigher  density  in  the 
teeth  and  the  eddy  current  losses  in  the  poles • 
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Fig.    18   shows   the   difference  b'^tv/aaii  the  IcdS'p   of   •:c)*.:.ec 
cores  \ander  the   solid  and  Isjnir.a'-.ed  pcLe^,    30   th...-    t- *  ujjTv  • 
ence  between  these  two   curves   indict*  tes     ■h*^   rbd':."txi";    1  ;  rcon:-; 
which  may  be  obtained  by  carefully  lajiiin.^tinG  th^   .)Cl->3. 

Pig.    19  shows   the  losses   in  the  different   tooth«^.d  cores 
under  all  the  poles • 

?lg»    20  shows  the  losses  of  the   smooth  cores  under  differ- 
ent numbers  of  poles  •'^ 

TBSTnrO  TRAVSFOIOIER  IRON. 
Th0  core  loss  of  transformers  should  be  kept  as  low  as  is 
practicable,  as  the  transformers  are  operating  at  no  load  the 
ttajority  of  the  time.     Sspecially  Is  this  true  of  transfom-^rs 
used  for  electric  lighting.      It  will  be  fotind  advisable  to  :aak3 
frequent  teste  of  the   Iron  iised  in  transformer  construct iop^ 
and  a  method  of  testing  applicable  to  commercial  work  should 
possess  the  following  characteristics:- 

First:  Saiqple  should  be  4asily^ -qulcldy  an^"  jLneoqpezxBiv(0.y 
prepared. 

Second:  The  method  of  testing  shoiQ.d  be  rapid,  and  yet 
give  high  relative  accuracy  ^and  fair  absolute  accuracy. 

Third:  Apparatus  should  be  simple  and  unaffected  by 
vibrations,  magnetic  fields,  etc 

Fourth:   Instruments  should  be  direct  reading,  requiring 
little  or  no  calculation  In  deducing  resxzlts. 

Fifth:  Sample  should  conform  as  nearly  as  possible  to  the 
shape  of  the  stampings  to  be  used,  especially  if  hlgih  absolute 
accuracy  is  desired. 

i 
The  apparatus  shown  in  Fig.   21  was  designed  with  a  Yie^v  of 


embodying  as  nearly  as  posoiblc  all  the  featu.-'rr   sri'  x.r   Ir^vi' 

Just  been  set  forth.      It  consist?   --.C  tv:  j  :'.'V,--ccrrM<'  .ij*.::,:    >hf.lTa. 

each  containing  one  hair  0::  a  n^tT^t^? ^wc:  ?oil;    so  cm;:;  *;.i.ot  ^d 

* ''The  Factors  'ffh.lc?!  Ui^ieco  tb.o  iliijer^y  I.o:iiJe3    in  iri:?.T,»?ro   Cr^e^>'' 
J.W.Esterllne  anc    C.E.Reid,    Trans.    k\    I.   35.    ^^.   Vc\.   XJl,    ?&C3. 

**"A  Direct  Eeading  Apr^aratus   for  Testings  Traiisfomer   Iron"  by 
J-  Walter  Bsterli.ne,   Trans.    A.    F..   T.   M.    Vol.    3,  Page  188. 
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that  the  two  halves  may  be  readily  taken  apart  ajid  placed  to- 
gether again.      The  tv/o  ends,  of  each  half  turn  of  wire   In  the 
upper  half  of  the  encasement  fit  accurately  into  mercury  cups 
which  form  the  tenninals  of  the  half  coils   in  the  lower  shells 
T^en  the  parts  are  closed  together^   each  convolution  is  restored 
and  t'-e  current  finds  a  continuous  path  throu*Th  the  winding. 
The  apparatus  sho-.n'  in   th^:   illustration  vv'as  myAe  for  testing 
annular  rin^js,   but   the  desi  n  can  be  adopted   to  any  standard 
transfonner  stamping.     The  connections  are  made  as  shown  in  the 
diagram,    th^   -^/attmeter  being  used  to  measure   the   losses.      An 


alternating  current  of  constant  value   is  used,   and   the  magnet- 
izing value  varied  by  clianring  the   active  rn^nber  of  turns.      "Die 
resistance  of  the  a  paratus  remains  constant,    regardless   of  the 
nuanber  of  turns  active       The  vattrcster  is  adjusted  so   that  it 
glides  a  zero  reading  wjien  the  current   is  adjusted  to    Its  nomal 
value  wlUi  no   iron  in  the  ajparatus.     ''lien  the    iron  core   Is 
placed  within  the  coil,    the  reading  of.  the  wattmeter  above  ^ero 
pofiitlon   Indicates  directly   the   iron  loss   in  watts.    The  weight 
of  the   core  used   is  ten  poimds,   so   that  the  loss  per  pound  Is 
one  tenth  of  the  wattmeter  readings. 

« 

AnoIJier  apparatus  which  has  been  used  successfully  by  the 
author  is  illustrated  in  1?ig.  22  and  consists  of  a  transformer 
winding,  into  which  the  core  can  be  placed.  Ihe  iron  to  be 
tested  is  cut  into  strips  1-1/2"  wide  and  used  as  the  core  of 
the  transformer,  the  loss  being  measured  by  mecuis  of  an  indi* 
eating  wattmeter.   In  using  this  apparatus,  it  is  necessary 
to  deduct  from  the  total  loss  the  energy  expended  in  the  winding 
due  to  the  I^  loss. 
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PROPERTIES  OP  IRON  AITD  STEEL. 


It  is  well  known  that  the  magnetic  quality  of  iron  a.nd 
steel  depends  upon  the  physical  structure,  v/hich  may  be  varied 
to  a  degree  by  annealing,  tempering,  continued  heating,  etc. 
TTliile  it  i?5  impossible  in  most  cases  to  establish  any  law  govern- 
ing  the  same,  the  mat<;netic  properties  depend  to  a  degree  upon 
the  chemical  content  of  the  r«etal  and  the  effect  of  any  one  of 
the  processes  mentioned  above  depends  to  a  great  degree  upon  the 
chemical  composition.   Iron  which  has  been  rapidly  cooled, 
either  in  the  form  of  a  casting  or  in  the  process  of  rolling, 
will  have  its  magnetic  qiiality  impaired.  This  may  be  restored  in 
a  degree  at  least  by  careful  annealing.   The  effect  of  the 
different  elements  which  may  be  found  in  iron  and  steel  is 
dependent  in  some  degree  upon  the  percentage  of  those  elements, 
although  as  has  been  stated,  no  law  has  as  yet  been  established, 
and  probably  never  will  be  on  account  of  the  fact  that  the 
effect  of  one  element  is  influenced  by  the  presence  of  another. 
Bxperiment  shows  that  iron  having  the   highest  permeability 
does  not  always  possess  the  lowest  hyst^retic  loss*  Usually 
iron  which  is  low  in  carbon  and  practically  free  from  sulphur, 
manganese  and  phosphorus  will  show  a  high  permeability,  provided 
the  physical  treatment  has  not  been  of  a  nature  to  impair  its 
quality,  but  this  same  metal  usixally  has  a  higher  hysteretic 
loss  than  a  ml^cture  containing  more  impurities* 

CAST  IRON. 
In  cast  iron,  the  permeability  depends  largely  upon  the 
percentages  of  the  impurities  contained.   In  making  sheet 


\ 


steel  for  ancatures  and  laminated  pole  pieces,  and  Bteel 
castincs  where  hifrh  permeability  is  required,  it  is  endeavored 
to  keep  the  amount  of  elenents  other  than  iron  as  low  as  pos- 
sible.  Sheet  steel  can  be  made  with  as  hipii   as  99.7  ;^  iron> 

while  the  regiilar  casts 
of  some  castings  contain 


*->o 
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•  more  than  99. 6  /i  iron. 
In  these  purer  steels, 
the  magnetic  properties 


5  deren4ent  more  upon 


b. 


Si. 
2.80 


.077 


P.  Yxi.    G-C.   0-   T.C 
•794  .59  .05  3.29  3^34 

.91  2.43  3.34 

Pig.  23. 


the  mechanical  and  jieat 
treatments  to  which  the 
iron  is  sub J  ected  than 
upon  the  chemical  com- 


position.  In  cast  Iron,  other  elements  are  present  in  a  far 
greater  degree,  and  are  a  factor  in  determining  its  mannebic 
qualities.   Of  carbon,  which  exerts  the  most  influe/?c».  cr.  the 
permeablllti/  there  Is  found  frequently  more  than  3.5  /  existing 
In  two  states,  graphitic  and  combined.   The  amount  ox  combined 
carbon  depends  upon  the  rate  of  cooling,  auid  the  presence  of 
other  Impurities. 

In  the  frames  of  larger  machines,  the  stren^^th  and  rigidity 
of  the  metal  Is  of  prime  Importance,  while  in  medirm  and  small 
sized  frames,  the  problem  of  strength. is  alraost,  if  net  en';Arely 

« 

eliminated  and  the  permeability  is  more   iinpcrtant.     Tjie  ctmutint 
of  sulphur  should  be  kej^t  as  low  as   poricible,    and  ^vnlXe    the 


percentage  of  sulphur 


in  ord.fna'^y  cast   iron  is   i3r?.ll  and 


therefore   It  of   itself  does  not  noticer.bly   sffact  trie  pei-meabi- 


llty,    it  is  however  Indirectly  very  detrimental,    as    it  tends 
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to  increase  tlie  combined  carbon,  as  well  as  to  cause  blow  holes- 
The  effect  of  sulphur  in  conblnlng  the  carbon  may  be  neutralized 


by  adding  a  larger  amount  of  silicon. 
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Si.    S.    F-/  rn.  0.0.  G.C.  T.C- 

a«  2.50  .039  .645  1-40  3.26  ^31  3*57 

b.  2.50  .080  .645   .59  3.02  .38  3.40 

Fig.  24. 


PhosTjiorus  in  cast 
iron  varies  from  .15  /^ 
to  1.4  ^  arid  in  ordinary 
castings  is  about. 5  X. 
The  presence  of  phosphop 
us  in  this  araoxint  will 
not  seriously  effect  the 
permeability*  7ith 
manganese,  it  is  quite 


different,  for  its  presence  in  large  amounts  seriously  effects 

the  permeability.   In  I?ig.  24  are  given  two  curves  of  cast 

iron  with  their  chemical  composition*  These  curves  show  clearly 
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tha_  detrimental  effect  of  manganese 

The.  pert^entage 
of  carbon  existing  in 
ca^t  iron  as  grajihite 
or  combined  carbon  de-* 
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pendB  upon  the  amount 

of  manganese,  sulphui* 
and  silicon  present, 
the  size  of  the  east- 
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Si.   S.    P.  ?in*.  CO*  (?:  T^Cj. 

a.  1.46  .046  .447  .46  .70  3.01  3.71 

b.  .45 

Fig.  25. 


ing  and  rate  of  cooling.  "JTith  enough  silicon  in  the  iron,  the 
combined  carbon  can  be  reduced  to  .1  ^.   The  silicon  of  Itself 
has  very  little  detrimental  effect  upon  the  permeability,  so 
that  it  woulc'  seem  best  to  have  a  large  percentage  of  silicon, 
which  will  also  insure  a  soft  casting.   The  curves  in  Figs. 


23  and  25  illustrate  this  clearly.   Curves  a.  and  b-  Fig.  25 
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are  from  bars  cast  from  the  same  ladle  of  iron,  as  Rce   aloe 
curves  a.  and  b.  Pic-  23   The  higher  combined  carbon  in  a.. 
Pig.  25  and  a-,  PiC*  23  v/as  obtained  by  a  faster  rato  cf  coolling. 
In  Pig.  26  v/ill  be  found  a  series  of  curver  sho;7in£^  the  effect 
of  various  percentages  of  graphitic  carbon,  the  othev  ^^lenents 

bein^  fa^rl7  co;i5"^ant. 
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SI. 

a.  2.99 

b.  2.97 

c.  4.83 

d.  4.28 

e.  4.39 

f.  5.48 


S. 
.048 
.057 
.097 
.069 

.058 


P.      Mn.    CO.    0.      T.C. 
.542   .54    .06   3.51  3.57. 
.578    .56    .04   3.28  332 

.03   2.04   ii.37 

05    1  9j?   1.98 

.07   1.7t   T  .61 


.661    .55 
.490    .41 


.  e:32    .<7 

.4:-3    .5'^    .03   i.44    1.47 


Pig.    26. 
2-1/2  ^  or  less    than  1.7  '^  of  /graphite 


It   is  ainpxlar  to  ncta 
that   Instead  cf   increas- 
In  direct  pr:.portion  as 
graphite   is  decroased, 
the  permeability   jj,  the 
lov/est  whfin    one   graphite 
is  about   2  /f,  v/h.ile   the 
effect  on  th<;  pe^Trara- 
bi3ity  du3   to    tie 
presence   of  ^''npn'te 
is   considerably   sraaller 
in  iron  having  from 


OAST  STEEL. 
The  hif:h  pertieability  ard  imlfomiitai  with  which  cast  steel 
can  be  made  has  led  xc    Ihe  vite  tf  ;;reat  quantities  of  it   in  the 
manufacture  of  elect'-ical  ruachi.ncg.      its  magnetic  properties  are 
such  tiu.t  when  desirable,    it  c?,n  bf;  wcrlc3d  at  negnetic   densi- 
ties more 'than  doub^^e    hliac  ^hi:h  v^ould  be   economical   in  cast 
iron,   which  greatly  roauc3b   the  weight   of  the  parts-      The  uni- 
formity with  which  steel  castings  can  be  made  leaves  little   to 


be  said  with  regard  to   the   influence  of   the  elements  upon  its 
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0, 

.09 

0. 

.04 

c, 

.05 

0, 

.071 

0. 

.057 

uiafTietnc  <fualltles.      In  tests   of  mo^e    t^^an  100  sanplfts  of  steel 
f'-oir:  fi^tfe.T^'  :\K  m-nufacturers,    v^^y  few   specimens  nave  nnen  founa 
which  were  not   -/ell  31.1  i ted   for   electrical  purposes   in  ^^aji.=*ral 
Thp.  more  nearly  free   from  all   impurities,    the  hi/^he^  t3ie  pemea- 
ollity  and   th^.  better  the   steel   is  adapted   to  electrical  work. 
Of  all  the   samples  tested,    those  pivinf;  the  highest  perraeability 
were  of  the  followinf^  composition. 

Oar^on, 
:'a:if:a:neBe, 
Silico*!, 
Sulphur, 
Piio  sp}io  rus  9 

0 .  308 

In  steely  carbon  is  the  most  o'\i actionable  inpn^ity,  and 
should  never   b^  allowed  to  exceed  .2  ^.   Small  perc  ntages  of 
Billcor;  a^e  not  objectionable,  and  will  increase  the  permeabilit/ 
at  lower  densities.   Large  percr.ntaf:es  of  silicon  will  lower  the 
permeability  at  high  densities  and  *-ender  the  steel  harder, 
maklnf  it  diffic^at  to  machine. 

Percentages  of  phosphorus  under  .1  ^  and  manganese  less 
than  .5  ^  a'^e  not  objectionable,  but  larger  percentages  than 
those  named  impair  the  quality  of  the  steel  magnetically. 

SsTFE?   STTIED. 
Sheet  steel  as  prodvioed   in  this  coiintry  is  nearly  pure 
i'-on,  and  its  magnetic  quality  is  dependent  almost  enti»-ely  upon 
the  treatment  to  which  it  is  subjected.   The  strains  produced 


in  the  process  of  rolling,  punching  and  machining  "deduce  the 
penzeabiilty  and  increase  the  hysteresis  loss,  although  the 
iron  may  be  restored  by  a  process  of  annealing* 

The  temperature  at  which  the  annealing  is  don^  has  a  marked 
Influence  upon  the  results.   As  the   temperature  at  which 


.  V 


annealin,'^  Is  done  is  increased,'  the  Iron  is  improved  nntil 
about  900  degrees  Centigrade  is  reached.   TenperatTxroB  above 
this  value  should  not  be  employed,  as  they  deteriorate,  rather 
thrii  improve  the  iron.   The  tests  of  a  larne  number  of  sanples 
of  armature  and  transformer  iron  produced  in  this  country  show 
an  excej^tionally  wide  variation  in  quality,  which  indicates 
clearly  the  necessity  of  the  exercise  of  care  in  the  process  of 
"^ufacture  and  the  annealing. 

The  thickness  of  the  sheets  in  use  varies  from  .014  In. 
to  .03  in.   The  thinner  sheets  are  used  in  transformers,  usually 
from  .014  in.  to  .018  in.   The  thicker  sheets  are  need  In  arma- 
ture cores.   The  hysteresis  loss  increases  with  the  density >  €uid 
Is  directly  proportional  to  the  frequency  of  the  magnetization 
and  is  Independent  of  the  thickness  of  the  sheets.   The  eddy 
current  loss  increases  with  the  thickness  of  the  sheets  and  Is 
approximately  proportional  to  the  square  of  the  density  and 
the  frequency. 

The  teeth  of  slotted  armature  cores  are  generally  worked 
at  a  vpry  high  degree  of  saturation.   In  calculating  the 
reluctance  of  a  magnetic  circuit  formed  by  the  teeth  and  the 
slots,  recourse  should  be  had  to  curves  showing  the  relation 
between  3.  ft  H.  in  the  steel  at  very  high  densities. 

The  apparatus  shown  In  Fig.  27  was  designed  and  constructed 
for  the  purpose  of  testing  sheet  eteel  above  saturation.  The 


apparatus  consists  of  a  heavy  magnetic  circuit  built  of  laminat- 
ed iron*  The  poles  are  brought  very  near  each  other^  and  the 
pole  faces  are  tapered  down  to  one  sixteenth  the  cross  section 
of  the  magnet  frame.  Bxcltlng  colls  capable  of  producing  a 


I     very  high  m.m.f.  were  wound  and  placed  on  the  frame.  The 
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Bpeclcien  consists  of  a  number  of  larjiin/itlons  two  c«ntlneters 
long  and  one  centimeter  ^vide,   enough  being  laid  up  to  zoake  the 
sample  one  centimeter  thick.     Tiwse  are  placed  between  tJae  pole 
faces,    this  distance  beinr;  ecfaul  to  the  length  of  the  8]**ecimen. 
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Pig.  27. 


At  the  side  of  the  iron  specimen  was  placed  a  rectangular  piece 
of  hard  wood  of  similar  dimensions.   Secondary  coils  of  fine 

r. 

wire  were  placed  about  the  iron  specimen  and  the  wooden  bar.^^ 

The  method  of  testing  was  as  follows*  The  exciting  current 
was  brought  to  the  desired  value,  and  with  the  secondary  coil 
on  the  speeimen  connected  to  a  ballistic  galvanometer,  a  number 
of  readings  were  taken  as  the  exciting  current  was  reversed. 
By  means  of  a  double  throw  switeh,  the  secondary  ti^ms  on  the 
wooden  piece  were  now  connected  to  the  galvanometer,  and  with 
the  current  value  the  same  as  before,  a  second  series  of  read-^ 
ings  ware  taken.  The  current  was  increased  to  the  deslrad 
value  and  the  operation  repented- 

The  galvanometer  was  standardized  as  in  the  case  of  the 
ordinary  permeability  test,  and  the  densities  in  the  iron 
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PZE'AUiafT  MASNETS. 

In  some  classes  of  uz  aravis,  ptrti»r-larly  Instnanientt, 
pemaii^nt  xn^c^ets  are  used-      Tla*.  j»?naanf^nt  laapaiet  hs  distin* 
Cr^lslied  from  an  electrovacii'^t.    Is  one  v/'ilch  on  accdint  of  its 
hiph  ^etentlvity,  pos^esseo  u  fi^V:  of  coafci(;erabl<%  st»*enrth 
after  the  Inlticl  aai^niotizinf:  fo^ce  has  be-tn  renovert. 

The  beat  pennaaent  sia{;netb  are  made  of  a  hifh  frade.  of 
crucible  str.i^l  .  ^ich  contains  a  strall  percentage  of  some  element 
which  renoers  the  metal  extremely  h&rd  on  beinr  temrjer^d) 
such  as  tunnstent  vanadiucy  etc         Afto^  beinr  p^opi^riy  shaped, 
the  atAel  ic  heated  to  the  proper  terperatuv*^  an<^  suddenly 
oofl«4«  Bakiai:  it  vary  hard  aari  (;ia00*lSk««     Such  «  netal  gives 

« 

a  ratlmr  lo«  perseabU^ty  o^«rva  aad  a  viery  la^ga      hy«t«ra«i« 
loop* 

Sarvleaable  pamaneat  aa^?ta  for    carta  in  vaaa  mrj  "ka 
oada  froB  eaat  iron  vhicli  haa  h*  en  properly  hardened^    To 
harden  a  oaatinn  for  this  purpose »  it  should  b*  heatefl  uiy  to 

■ 

white  heat  and  ohllled  by  JjoDiarsiai;  in  water*  This  tenx>«rature 
should  not  be  earriod  too  hif^  the  first  tins  or  the  castinn 
will  be  likely  to  erunble.  The  first  ohillins  will  torn  a 
strong  layer  of  natal  on  the  outside  which  will  panait  af  k 
subsequent  heating  to  a  hi(ther  teaperatura*  The  oastinr  should 

# 

new  be  reheated  unifonoly  to  a  teaiperature  just  balo%  the 
aaltiar  palAt.aad  chilled  araia  by  iBsersinr  in  ruaaiaf:  water 
ar  in  ice  irater*  Soft  gray  iron  e«stinf:s  hardened  in  this 
Banner  show  a  fairly  high  raaidnal  aannetiBm  and  a  pnod 


retentlvlty. 
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HjrCTKlCVL  COITTUGTOnS. 

Co-.^er    11.   alnicst  univo^^ally  usi.f-    for  riiaklnp   t/ie   conrluctors 
of   e."lec':'--lcal   a    -.dr^tus,   unless    it  br/  t-i.^  a  hirh  reglBtance 
ib   r'e6l«'or',    ;s    in  t?ie   case   of  r*ioostati3,   heaters,    etc.      It   is 
used   In   the-   form  of  rounc   anr'   sqiA^iire  wlr3c5>    anrl  fo^  larger 
iracj'ines,    co:u'\Tctors  arr.   ir.acle   of  ba^b   and  st>"ips. 

Ccor.er  wire    is  muoe    in  cert.^in  btandu^d  5i7.es,    drawn 

^ccurat'Tly   to  n^Ui:e.      The  v;ire  nost   conuxn   in   A^.^e'^ic^-*   is   that 

dravm  to  the  Brown  and  Siiar].  c^aur^e^    the   si^es  of  which  follow 

a  definite   law.      The  diairi3t':r   ic     expressed   in  t:ion3R.nths   of 

an   inch  or  rails,    and  tlic  ar:tab  u>"e   esq.ress^d  in  circv-lar  nils 

(e)  ,   v/hich  for  a  f,iven   size   of  \/ire    is   the   sciuure   of  tJie   diajrie- 

ter  expressed   in  L'ils.      The  area  ma;/  aluo  b-^   expressed   in  square 

mils    iml     which   is   the  true  are^.  expressed   in  thousanths   of  an 

inch  or   is  7^     x    .7054.      It  v/ill  be   seen  t-iat   the  circular  rails, 

while  net  expressing  the   true  ar^ia  of  cross   section  of  the 

wires,   are   di^^ectl:"  proportional  to   those  areas,    and  nost  wire 

tables  j':ive  both  square   anc'   circular  mils.      The  numbi^r  of 

circnl£}r  mile    in  a  rectanrju?ar  area  may  be  fo^ond  by  reducinp 

the   area    to   square  mils  and  dlv.V.inp  by    .7854,    thus: 

A--C.:  X    '1000)^  .    . 

Circular  .mils  =       ^^^ 

.7854 

It  v/ill  be   convenient   to   rcmer.^ber   that   the   circular  mil 
is    to  the   square  mil  as    tlic  cir:;*!.e   is  to   the   square    in  which 
it   is  inscribed,   and  that  the   number  of  ci''C';lar  mils   in  a 
flection   is   therefore,  cheater  then  the  numbnr   of  square  mils. 
On  paf;es  4G  and   47  \;ill  b^   found   tables    /hlch  p;ive   the  niojuber 
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TABLE   I. 


. 

BBOaIT  ft  SHAKPE  OAUOE. 

BimiSOilAH 

;  GAUQE. 

CAUdi 

t 

• 

• 

Diameter. 

Diameter. 

NO. 

1 

(m) 

BATiE 

sec 

DOC 

TOO 

(m) 

BAKB 

sec 

3)CC 

^TCC 

0000 

211 

,600 

.460 

.480 

206^11 

.454 

.474 

000 

167. 

,805 

.410 

.430 

180,625 

.425 

.445 

00 

135, 

,07S 

.365 

.385 

144  y,co 

.380 

.4C0 

0 

105, 

,534 

.325 

.343 

:i5  r,ro 

.340 

.,•558 

1 

83, 

,664 

.289 

.303 

.307 

90.0C0 

.300 

.318 

2 

66, 

,373 

.258 

.272 

.276 

80  .b^e 

.  284 

.298 

.302 

3 

52. 

,634 

.229 

.243 

.247 

67.<>1 

.259 

.273 

.277 

4 

41, 

,743 

.204 

.216 

.220 

se.o'.-i 

.238 

.252 

.256 

5 

33, 

,102 

.182 

.194 

.198 

48, 4: C 

.  s-^o 

.234 

.  2rj8 

6 

26, 

,250 

.162 

.174 

.178 

41   2   9 

0 

.203 

.2T5 

.219 

7 

20. 

,820 

.144 

.156 

.160 

32 » 400 

.180 

.112 

.196 

8 

16 

,510 

.128 

.140 

.144 

27,2i5 

.165 

.177 

.  181 

9 

13, 

,092 

.114 

.126 

.130 

21 ,  9<  ;»4 

.148 

.160 

.164 

10 

10, 

,384 

.102 

.108 

.112 

.116 

17,956 

.134 

.146 

.  150 

11 

8, 

,234 

.0907 

.097 

.101 

.105 

14,400 

120 

.1.12 

.  1,'j6 

12 

6, 

,530 

.0808 

.087 

.091 

.095 

11 , 851 

.109 

.  119 

.  1.24 

13 

5, 

,179 

.0720 

.078 

.082 

.086 

9»o:-5 

.095 

.101 

- 105 

..l09 

14 

4, 

,107 

.0641 

.071 

.075 

.078 

6,889 

.  0836 

..089 

.0C3 

.0C7 

15 

6, 

,257 

.0671 

.063 

.068 

.071 

5,184 

.072 

.o-:8 

.0G2 

.086 

16 

2 

,586 

.0508 

.055 

.059 

.063 

4,225 

.065 

.071 

.075 

.079 

17 

2, 

,048 

.0455 

.049 

.053 

.057 

3,364 

.0*^8 

.063 

.068 

.072 

18 

1. 

,624 

.0403 

.044 

.048 

.052 

2,401 

0-.? 

lod 

.057. 

,061 

19 

i; 

,288 

.0358 

.039 

.044 

.047 

1,764 

.042 

.04.7 

.050 

.054 

20 

1, 

,022 

.0320 

.036 

.040 

.044 

1,225 

* 

.039 

.043 

.046 

21 

810 

.0285 

.032 

.036 

.040 

1,024 

.  0,^52 

.036 

.040 

.044 

22 

643 

.0253 

.029 

.033 

.037 

784 

.023 

.032 

.036 

.040 

23 

510 

.0226 

.027 

.031 

.035 

625 

•  Oi«5 

•  w^^y 

.053 

.037 

24 

404. 

.0201 

.024 

.028 

.032 

484 

.022 

.026 

.030 

.034 

25 

320.4 

.0179 

.022 

.026 

.030 

400 

.020 

.024 

.028 

.032 

26 

254.1 

.0159 

.020 

.024 

324 

.018 

.022 

.026 

.030 

27 

201.5 

.0142 

.018 

.022 

256 

.016 

.020 

.024 

28 

159.8 

.0126 

.oir 

.021 

196 

.014 

.018 

.022 

29 

126.7 

.0118 

.015 

.020 

169 

-013 

.017 

.021 

30 

100.5 

.0100 

.014 

.018 

144 

.012 

.016 

.020 

31 

79.70 

.00893 

.0125 

100 

.  O.'.O 

.014 

.018 

32 

63.20 

. 00795 

.0115 

81 

.C'.>9 

.C.L25 

33 

50.13 

. 00708 

.0105 

64 

.  COS 

.0:15 

34 

39.75 

.00631 

.0098 

49 

.ro7 

.  O"'  00 

35 

31.53 

.00562 

.0086 

25 

.COb 

.  V03 

.01 

36 

25.00 

.00500 

.0080 

.011 

16 

.004 

.007 

37 

19.83 

.  00.<  45 . 

0075 

•^ 

r" 

38 

15.72 

. 00597 

39 

12.47 

. 00353 

4n 

^888 

.00^l«^ 

tABLE  II. 
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Gauge  Lbs.  per 
9o.  1000  ft. 


Feet    Ohms  per  Lbs.  per 
?er  Lb.  1000  ft.  1000  ft. 


Feet   Otame  per 
Per  lb.  1000  ft. 


0000 

640.4 

1.56 

.0547 

629.9 

1.60 

.0561 

000 

507.9 

1.97 

.0689 

594.2 

1.89 

.0801 

00 

402.8 

2.49 

.0669 

497.1 

2.29 

.0801 

0 

919.4 

9.19 

.1096 

949.9 

2.86 

.1001 

1 

2S9.9 

3.95 

.1589 

278.4 

9.67 

.1285 

2 

200.9 

4.99 

.1749 

244.1 

4.10 

.1434 

9 

159.9 

6.^9 

.2198 

209.1 

4.99 

.1724 

4 

126.9 

7.99 

.2771 

171.5 

9.83 

.2042 

5 

100.2 

10.00 

.9495 

14655 

6.89 

•  2990 

6 

79.49 

12.61 
15.90 

.4406 

124.7 

8.02 

•  2807 

7 

69.01 

-.5556 

98.06 

10.2 

.9670 

8 

49.97 

20.05 

.7007 

82.41 

12.1 

•4249 

9 

99.69 

25.28 

.8895 

66.30 

15.1 

.5281 

IC 

91.42 

91.98 

1.114 

94.95 

18.4 

.6442 

U 

24.92 

40.20 

1.405 

49.58 

22.9 

•  8099 

12 

19.76 

50.69 

1.771 

95.96 

27.8 

•9796 

19 

16.70 

69.91 

2.294 

27.92 

96.6 

1.282 

14 

12.49 

80.59 

2.817 

20.85 

48.0 

1.679 

19 

9.857 

101.69 

3.552 

15.69 

69.7 

2.291 

>^ 

7.817 

128.14 

4.479 

12.79 

7ft.  2 

2.796 

17 

6.199 

161 . 99 

5.648 

10.18 

98.2 

9.438 

la 

4.916 

209.76 

7.122 

7.268 

isa. 

4.818 

19 

9.809 

264.26 

8.980 

5.940 

207. 

6.558 

20 

•9.092* 

924.00 

11.92 

9.708 

270. 

9  449 

21 

2.452 

406.86 

14.28 

3.  CM 

92S. 

11  90 

22 

1.944 

915.15 

18.01 

2.979 

42r» 

14  75 

29 

1.542 

649.66 

22.71 

1.892 

529. 

is'.si 

24 

1.225 

819.21 

28.63 

1.465 

683. 

29.90 

29 

.9699 

1092.96 

96.10 

1.221 

826. 

28192 

26 

.7692 

1902.61 

45.52 

•  9oOB 

1020. 

95.70 

27 

.6100 

1642.55 

57.40 

.7749 

1290. 

45.19 

28 

.4897 

2071.22 

72.99 

.5999 

1690. 

59.02 

i         « 

.9896 

JM11.82 

•  • 

91«28 

.9116 

1960. 

68.45 

90 

.9042 

9299.97 

115.1 

.4999 

2290. 

80.99 

91 

.2419 

4152.22 

145.1 

.9027 

3900. 

116.7 

92 

.1919 

5296.66 

189.0 

.2452 

4080. 

142^  8 

99 

.1517 

6602.71 

290.6 

.1997 

5160. 

180.7 

14 

.1209 

8928.90 

291.0 

.1489 

6740. 

296  ?1 

» 

.0994 

10501.95 

966.9 

.0757 

19200. 

462.7 

« 

.0797 

13298.89 

462.7 

•0484 

20700. 

723.0 

17 

.0600 

16691.06 

589.9 

• 

m 

.0476 

20834.65 

795.7 

« 

.0977 

26902.29 

927.7 

0 

.0299 

99175.940170.0 
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of  circular  mila  for  thr.  different  sizes  of  wire. 

The  wire  table  for  the  B.  Ik  S.   natige  has  a  few  simple 
relations 9  which  will  enable  one»  if  a  few  constants  ars  earied 
In  the  memory »  to  construct  the  whole  table  mentally  with 
approximate  accxuracy.^ 

A  wire  which  is  three  sizes  larger  than  another  wire 
has  twice  the  weight  and  half  the  resistance»  or  a  wire  which 
l8  ten  times  larger  th^m  another  has  ten  times  the  weif;ht»  and 
one  tenth  the  resistance* 

ITo.  10  wire  is  approximately  .10  inches  in  diameter »  has 
an  area  of  approximately  10,000  circular  mils;  a  resistance  of 
approximately  one  ohm  per  thousand  feet  at  20  d#8rees  Centifn^ade 
and  weighs  approximately  32  lbs*  per  thousand  feet. 

The  weight  of  a  thousand  feet  of  No.  5  wire  is  100  lbs. 
The  relative  values  of  resistamce  for  decreasinp  sizes  and  of 
weight  and  area  for  increasing  sizes  for  consecutive  sizes  are: 

.50      .63      .80      1.00      1.25      1.60      2. 

The  relative  values  of  diameters  of  alternating  sizes  of 
wire  are, 
•  50  .63  .80  1.00  1.25  1.60  2. 

Conductors  of  large  size  are  usually  specified  in  circular 
alls.   As  Ho.   10  wire  has  approximately  10,000  circular  .    '  mils, 
and  a  resistance  of  one  ohm  per  thousand  feet,  and  as  the 
length  of  a  wire  which  has  a  given  resistance  is  proportional  tc 
its  area,    it  follows,  therefore,  th^t  the  length  in  feet  of  a 


conductor  having  a  resistance  of  one  ohm  may  be  found 
by  dropping  one  cipher  from  the  nimiber  expressing  its  circular 

*Kow  to  Bemember  the  Hire  Table,   Chas. F.Scott,  IFllec.Club 
Journal,  April,  1905. 
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uiis.      If  or  ejcaaa^ltl  l^o.    10  wire  has  10,000  circular  mils  and   . 
a  resistance  of  one  ohm  per  thousfluid  feet;   a  300,000  circular 
nil  conductor  has  a  resistance  of  one       ohm  per  30,000  feet, 
and  ci  1,000,000  circular  mil  conductor  has  a  resistance   of 
one  ohm  p^r  100,000  feet.     The  weight  of  a  p;lven  length  Is. 
proportional  to  the  area,    therefore,    the  weight  of  a  conductor 
having,    say  50,000  circular  mils   is  greater  than  that  of  TIo.   10 
wire   In  the  same   ratio  that   Its^  area  Is  greater.      500,000 
circular  mils  has  50  times   that  of  No.    10  wire,   or  axapproxi- 
cately  50  times  32  lbs,  which  equals  1600  lbs  per  thousand  f#et. 
In  this  way  the  approximate  characteristics  of  copper  conductors 
of  all  sizes  may  be  quickly  ascertained. 

To  find   the   resistance ,   drop  one   c ipher  from  the  mamher  of 

■ 

circular  mills:    the  resialt   is   the  number  of  feet  per  olim. 


»Wi— 


To'  X  ind  the  weif,ht,  drop  ciphers  froii  the  nxmber  of  oir- 
cular  mil.  and  multiply  by  the  we ight  of  No.  10  wire. 

Kost  of  the  wires  used  in  the  construction  of  electrical 
machinery  are  Insulated  with  cotton  covering  laid  smoothly 
on  the  conductors.   This  covering  may  be  obtained  either  single, 
double,  or  triple  thickness.    Again,  the  thickness  of  a 
single  covering  depends  upon  the  else  of  the  wire.   In  the 
tables  will  be  found  the  bare  diaineter  of  the  wires,  as  well 
as  the  diameters  with  single,  double  and  triple  cotton  covering. 
It  should  be  understood  that  this  varies  somev/hat  with  differ- 
ent manufacturers  but  in  general  the  following  table  of 
diameters  v/111  hold. 
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TABLE   III. 
TrlCiaiTSS  OF  COXTOiT  COVnmi'^  0:7  STANDARD  v;irt;s 


Trouble  Cotton  Cov-orinr,    (Pine) 

All  sizes  to  No.    20,   add 
?fos.    19     :nd  18,    add 
JOS.    12  anr   la'^ger,   aCd 

'double  Cotton  Covering.    (Ordinary) 

All   si^es    to  18,   add 
l^os*    17   to   13,    add 
Hos.    12  and   larger,   add 


6  r.ilB. 

R  nilB. 

12  mils. 


10  mils. 
12  nils. 
14  mils. 


1 
tp      'e       tf       it>       •?       f^  ^f3 


Pig.    23. 
In  Fig.    ?.%  Is  a  curve   showinr  the  percentar:e  by  which 
average  commercial  double  cotton  covering;  increases   the  weipht 
or  cotton  covered  maj^net  wire.     This   increase   in  v/eii-^ht   is 
important,   since  the  weight  stateri  by  the  desif^nof   irj  likely  to 
be  derived   from  standard  wire   tables  and  refers   to  -tliR   co]'^^:er 
alone.      The  curve  v/ill   serve  as   a  f;ood  basis   fo^  estuiatinf- 
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the  v/ein"^ts  of  the   insult.t<od  v.'irc,    -vuich  ic«  i.i.ways  qoIo   "oy 


t'le  T.oun*. 


Thn  n^jcabcr  of  round  v/irr.s  wh.t??i  -111  v.ind   in  a  fivci  f^rea 
riJ---  be   fo'and  fror   the  e^'viution- 
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(  d  -^    2  t) 


(10) 


•2^16  re  :- 
n 

A 


nur ber  v/ir-^o  p-^^r  sq.    inch. 

v-iadin/-  aroa   in  Dq.    inc>.?53- 

bc-re  diar'ietr>  of     ir:.    in   inches 

zinrle   thickness;  cf  in^julriticn  In   incn^s 


The  l&Xtissden  otandarc   of  T-icoistance,   ay  adoptr^ri  by  fne 
American  Infititvtc   of  !31cc tried  "''nninecrs  vsnd  as   infUontefl   In 
•'if.   29  t^hov/O  the   increase   in  resistance  of  one  ui.\  foot  of 
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Ftc>^^'Ohms  pe^   rr/'    foot 


irare  copper  as   the  t3itr>"ratu^e   is   increased*     Since  the 
resistance   is  directly  proportional  to  the  length  and   inversely 
proportional  to   the  cross  s?ctlcn,  .if  K  have  the  r(=;Bt8tanc(». 


of  one  mil  foot,  rre  can  calculate  the  rea 


of  any  size 


of  wire  of  any  length  and  at  any  temperature  from  the  equationj 
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Where, 

K     ts  the  >ohins  per  rail  foot  at   the  given  temperature, 
L     =:  the  length  of  the  wire    in  feet 
(m)      =  the  nuxaber  of  circular  mils  corresponding  to  the  size 
of  wire  considered. 

■ 

Also  from  equation  11  we  have  for  the  length  of  a  wire 
to  £;;ive  a  required  resistance, 

R  X  (m) 


(12) 
K 


or  further,   fro©  Ohni*s  Lav,-, 


(13) 


which  substituted  in  equation  12  and  reduced  ^ives 


K  X  L  X  I 
(m)    =    (14) 

which  determines  the  size  of  wire  which  must  be  used  when  the 

temperature,  length  of  wire,  current  flowing  and  difference  of 

potential  at  the  ends  of  the  wire  are  known- 

If  the  difference  of  potential  at  the  terminals  is  to  be 

foiuid,  then  from  equation  14, 

K  X  L  X  I 

B     «   (15) 

(m) 

which  is  a  convenient  expression  to  use. 

7ires  of  Iron,       German  silver,  and  other  alloys  nay  also 

be  obtained  where  their  use   is  desirable,  rkA   in  the  tables 

on  page  S3  will  be  fotind  a  table  giving  the  resistances  of 

German  silver  and   iron  conductors.      It  will  be  well  to  reneraber 

that   the  resistance  of  ordinary  German  silver  wire   is  about 

thirteen  times  that  of  copper,    that  the  percentane   increase  in 


resistance  of  German  silver    -/Ire  for  a  given  Increase    in 
ter.perature   is  less   than  that  of  copper,   while  the  percentage 
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Of   increase  of  r^sistancv:   in  the  casv.  of   i»"on  is  f^reate'*  than 

that  of  copper. 

TABLE  0?  aERL'AlI  SILVER  AM)  IRON  WIRE. 


fraug** 

Onas  per  1000 

fCGt. 

H\jmb 

er- 

German  Silver 

,   Iron 

Ohms  Per  Found 

Roimrs  per 

B&S 

W-J.^ 

18  per  cent. 

1000  feet. 

12 

6. 

,06 

2S.2 

10 

18.72 

.59652 

16 

7. 

29 

27.5 

11 

23.598 

.94842 

12 

29.754 

1.50786 

14 

10. 

.41 

24.0 

15 

12. 

09 

22.4 

13 

37.512 

2.39778 

14 

47 . 304 

3.8124 

16 

15. 

15 

21.8 

15 

59.652 

6.0624 

17 

20, 

01 

18.3 

16 

75.222 

9.639 

18 

28. 

.4 

17.6 

17 

94.842 

15.327 

19 

39. 

0 

16.9 

18 

119.61 

24.3702 

19 

155 . 106 

40.9896 

20 

52. 

,0 

13.8 

21 

62. 

0 

13.7 

20 

190.188 

61.614 

2. 

259 . 814 

97.974 

22 

82. 

0 

11,2 

22 

23 
24 

302 . 382 

102. 
118 

155.772 

10.9 
10.5 

33 

381.33 

247.734 

24 

28 
26 

480.834 

159. 
196 

» 

393.93 

8.9 
8.6 

05 

27 
28 

606.312 

216. 
248 

626.31 

7.7 
6.9 

26 

764.586 

995.958 

27 

964 . 134 

1583.622 

29 

1215 . 756 

2518.075 

29 

1533.06 

4004.082 

30 

1933 . 038 

6368.356 

31 

2437 . 236 

10119.978 

32 

3073.77 

16096.356 

33 

3875.616 

25589.628 

34 

4888.494 

40712.76 

36 

6163.974 

64729.87 

36 

7770.816 

102876.482 

37 

9797.166 

163524.78 

36 

12357 . 198 

257764.68 

39 

15570.828 

409546.6 

40 

19653.57 

652024.62 

• 

-nf       ; 


.1 


•^• 


_» 


54 


Wires  of  square  and  rectangular  cross  section  may  be 
obtained  and  used  where  a  xainixsum  of  space  is  essential. 

INSULATION  AND  INSULATING  MATERIALS . 
One  of  the  most  important  and  perhaps  the  least  understood 
of  all  the  elements  entering  into  the  construction  of  electrical 
machinery  is  the  insulation.   The  continuity  of  operation  and 
the  life  of  the  machine  depend  largely  upon  the  care  and  judg- 
ment exercised  in  the  selection  and  use  of  insulating  materials. 
The  most  Important  requisites  of  an  insulating  material » 


1st 9  High  insulating  quality, 

2nd,  Ability  to  withstand  heat, 

3rd,  Ability  to  withstand  mechanical  strains  and 
vibration,  flexibility  and  freedom  from 
brittleness. 

4th,  Durability, 

5th,  7reedom  from  the  deleterious  effects  of  oil 
and  moisture. 

6th,  Adaptability. 

The  properties  of  insulating  materieds  have  been  classi*- 

fled  as  follows:^ 

1.  Electrical  properties- 

a.  Insulation  resistance  of  conductivity  expressed  in 
ohms  per  cubic  centimeter. 

b.  Disruptive  or  dielectric  strength,  measured  by  the 

high  potential  voltage  necessary  to  puncture  the 
material. 

c  Dielectric  constant  or  specific   inluctive 

capacity  noasuracl  by  the"  capacity   in  n:i?roiarads 

of  a  cond'^ritier  having  the  particular  material, 

as  ditjj.sctric   3eparating  the  metal  plates. 

2.  Mechanical  Properties. 

a. .Streascb  and  workability  (  For  solids) 
b*  Plexib...Sity  and  workability  (  For  semi  solids) 
c  Viscosity  (  For  liquids) 
•Kax  von  Recklinehausen,  Amer.  "!hem. Society,  ArApril  16,  1903. 
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3.  Chemical  Properties. 

a .  Ccuibus t  ib  il i ty . 

b.  Property  of  resisting  tha  influence  of  moisture, 
rir,  acids,  etc  (  Hygroscopic  quality) 

The  desirable  qualities  are  mainly  cood  insulation 
resistance,  high  disruptive  strength,  fair  laechanjcal  propertiee^ 
especially  workability-   Undesirable  qualities  are  /nainly 
combustibility  and  changes  in  tho  electrical,  meclianical 
properties  with  rise  of  temperature  or  with  age. 

In  the  various  types  of  electrical  apparatus,  many  kinds  of 
insulation  are  used,  the  most  carnnion  of  these  being  micat 
paper,  cotton  cloth,  silk,  cotton  and  silk  treated  with  oil  or 
varnish,  fibre,  oil,  hard  rubber,  porcelain  and  special  prepa- 
rations such  as  Yulcabeston,  Kegchmit,  Ambroin,  Psychiloid, 
Isolit,  Lltholite,  Adit,  Lava,  Celluloid,  etc 

The  insulating  material  which  sho^:ld  be  used  in  the  dif-* 
terent  parts  of  a  machine  will  depend  to  some  decree  upon  the 
class  of  machine,  voltage  and  the  method  of  cons tnact ion.   It 
will  therefore  be  best  to  consider  the  various  classes  of 
insulating  materials  and  their  applications  to  the  different 
forms  of  machines. 


li'IBROUS  lUSULAT  ISd  .  JIATERIALS . 
Paper  and  other  ioaterials  of  like  texture  are  largely 
used  in  the  construction  of  electrical  machinery,  ov/ing  to 
their  close  texture,  cheapness  and  flexibility.  Manilla, 
express  and  bond  paper  show  a  high  disruptive  strength,  and 
are  largely  used.  Red  rope  paper,  which  Is  tough  and  softer, 
is  often  used  for  armature  slots.  The  insulating  quality  of 
all  Insulating  papers  is  Inprovcd  by  coating  with  varnish. 
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Alternate  layers  of  thin  sheets  of  mica  and  paper  also  give  an 
insxilator  of  fair  mechanical  strength  and  high  insulation. 
"Whenever  used  for  insulating  purj>oses^  paper  should  be  impreg- 
nated with  good  moisture  proof  insulating  varnish  which  will 
make  it  water  proof  and  alsp  ad-  to  its  insulating  properties. 


^h      i  a.       36 


Pig-  39 • 
In  Figs.  29  and  30  will  be  fo\md  curves  showing  the  disruptive 

strength  of  different  qualities  of  insulating  paper  of  various 


tliicjoiesses 


nrsuLATiars  cJiOth  and  fabrics 


On  accoimt  of  their  mechanical  strength  and  the  ease  and 
uniformity  with  which  they  nay     be  appliedt   large  quantities  of 
insulating  cloth  and  fabric  are  used  in  the  ^constmction  of 
all  classes  of  electrical  machinery.      In  general t    the   insulat- 
ing strength  does  not  lie   in  the  fabric  itself,   but  rather  in 
the  insulating  material  with  which  it   is   impregnated. 

Empire  cloth,   which  is   cajnbric   treated  with  Iti'^cei   oil, 
varnished  cambric,    oiled  linen,    oilv3d     c?jivas,    and  oD.^d  sMk, 


are  all  largely  used.      The    insulating  coiapounds  are    in  aorao 
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ca&«fi -applied  ato  the  cloth  before  it  is  used,  and  oftener 
after  the  fabric  has  been  placed  upon  the  apparatus.   The 
Insulating  strength  of  various  fabrics  will  be  found  in  'iS-W 
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HICA. 
Mica,  which     is  one  of  th«  best  known  dielectrics,    is  in 

« 

Its  natural  state  a  good  ln8\xl!|tor.  Unfortunately,,  it  is  dlf-- 
ficult  to  make  Into  required  shapes  or  forms*   In  the  natural 
state,  the  mica  is  in  thin  sheets^  in  which  form  it  can  be 
used  for  some  purposes.   Its  ability  to  withstand  high  tempera- 
txires  without  deterioration  is  a  point  in  its  advantage. 
The  insulating  quality  of  mica  varies  considerably.  Vhlte  and 
amber  mica  are  best  for  electrical  purposes. 

In  order  to  render  the  mica  more  flexible,  and  to  adapt  it 


to  the  process  of  forming,  various  ccTnpoxartds  ot  mica 


made. 


such  as  Uicanite,  Megchmit,   and  Mec;otalc.* 

Kicanite  consists  of  mice  separated   into  very  thin  sheets, 


subsequently  cemented  together  v/hile  hot  and  under  higixjDresBurfl 
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;r|t^  lor^LLnaxT *«hallac . Is  Bometiiaes  aed  for  sticking  sheets 
t>C  BLlca  together f   but   it  is  Inferior  to  the  cement  used   in  the 
manufacture  of  the  best  grades  of  Micanite.     Ificanite   is  used 
in  the        ;ln0ulatlon  of  coxDmutators  ^  high  tension  transSomers 
and  Ja- the  slots  of  high  voltage  machines  • 

Ifegohmit  is  made  by  very  mxich  the  same  process  as 
Uicanite,   except  that  the  percent,   of  cement  used  is  less- 

It       *can  also  be  formed  while  heated • 

ICica  cloth  and  mica  paper  are  commercially  sold^  and 
consist  of  layers  of  flexible  sheets  of  mica  covered  with  layers 
of  linen  or  paper. 


Thick, 
in  I.I.. 
0.0063 
0 . 0X02 
0.0:'.52 
0.0c 03 
0.0254 


TABLE  IV. 
LISRUPTIVB  STREUOTH  OP  MICA  COMPOUBDS. 


KBGOHKIT 
Ins.Str. 
In  Volts 

8 . 0  :0 
l^'r-OO 
20 .  ••  00 
T/'j^OO 
56 . 000 


Ins.Str. 
.001  In. 

820 

795 

870 

872 

91R 


MI0A3JITE 

V. per. 001" 
Material.  when  cold. 

Mlcanlte  plate,  1020 

Plrxi'j.c  ai.canite  plate  ''OO 
Kica:iice   ci.'-.h,  430 

Kicanitc   pcper,  455 
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Megotalc  is  conposed  of  thin  sheeta  ^t"^mlce"^T>«iQeTrtwl^ 
togetKer  with  a  thin  lay^r  of  shellac.   It  is  made  In  the  rorm^ 
of  plates t  cloth  and  paper. 

Micanlte,  Megohmlt  and  Megotalc  can  be  pressed  into 
form  for  insulation  of  slots  and  for  field  spools.   For  bushingfi^ 
brush  holder  appliances,  collector  ring  insulation^  fiel'l 
spoolSy  etc,  insulators  made  of  molded  compounds  are  now  largely 
used.   The  manufacture  of  the  different  ooiTxoimds  used  are 
secrets*  Some  of  these,  of  which  Ambroin  is  a  typo,  are  com- 
posed of  fossil  copal  and  silicates.   Soihe  of  the  forms  of 
Ambroln  may  be  machined  and  polished,  and  in  the  p:  ocess  of 
manufacturOt  the  material  can  be  pressed  into  almost  any  desired 
shape:  In  a  paper  read  before  the  Student  Section  of  the 
Institution  of  Electrical  Engineers,  Simmons  states  that 
Fsychlold,  tRblch  has  a  high  insvilating  strength,  is  made  from 
a  base  of  paper  piilp,  ivhich  is  dried  and  then  put  throu,c:h  a 
secret  chemical  process.   It  is  impervious  to  the  effocts  of 
moisture  and  acids,  and  can  be  moulded  into  any  desired  shape. 

FIBRE. 
Vulcanized  fibre  is  produced  by  treating  specially  prepared 
vegatable  fibre  with  powerful  chemical  agents  and  subjecting  to 
heavy  pressure.   It  posso3se3  throat  mechanical  st.ren^th»  and 
is  Insoluable  in  ordinary  so.L vents-   lb  absorbe  water  very  much 
as  does  wood,  and  can  be  obtalred  In  the  form  of  sheets^  rods 
and  tubes.   It  can  be  worked  in  a  Ir^thc,  drilled,  sawed  ani, 
punched,  and  will  take  a  fine  polish.  Uiillke  Ambroln  and  other 
co2qpoundSt  it  can  not  be  moulded  during  the  process  of 
Ltif «c  ture . 
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TABLE  V. 

Sr^PIi^  CLOTK.* 
Linseed  Oil  Treatment 


!^aterial 

loj.sliii, 

Irioh  Linen 
?.  v.slin, 
y^slin, 
J'^us  1  in , 
Fus  1  in , 
ru.slin, 
Canvas » 

I'anila  Hope  Paper, 
Eond  paper, 


Thickness   in 
mils 

5 

6 

7 

8 
10 
12 
15 
16 

5 

5 


Brealzdo-vn 
voltage 

5,800 
C,600 
7,300 

5,000 
7 ,  400 

IP     AXC\ 


•'••'» 


430 


15,930 
7,830 

6,700 
8,500 


TADLl  VI. 
MICAliriTE  EJSULATORS* 


Volts 
per  nil . 

1,730 

1,4:5S 

1 ,  IK 
525 
1,056 
1,036 
1,035 
491 
1,340 
1,700 


Material 


Thickness 
in  mils 


Volts  per  mil       ?!  ill  ion  roei^- 


ohj!i8  per  cu.  in 


Extra  Flexible  Kicanite 
paper,  7 

Micanite  paper,  8 

Micanite  cloth,  11 

Flexible  Micanite  Plate, 

10 
Micanite  Plate  V>o,   1, 


S25 
407 
439 

755 
1,012 


503 


30°  C 
100°  c 


320 
268 


TABLE  VII, 
CKAMPIOH  MICA  BOML   EISULATORS* 


Material 


Thickness 
in  mils 


Flexible  Mica  Boad,  8 

Mica  Bond  Cloth  11 

Mica  Bond  paper,  8 
MicH  Bond  Plate  Ho. 101 


Volts  per  mil 

755 

435 

400 

1,012 


Champion  Insu^  ting  Cloths  and  Papers. 


Asbestos  paper  #1. 
Special  Rope  Paper, 
Rope  paper  No.  1. 
Bond  paper 
Ibcpress  paper, 
Muslin  #1. 
Musli2ilSpec  ial , 
Canvas  • 

'Llndn 


9 

7.5 
4.5 
4 
8 
7 
5 
12.5 
6 


320 
936 
936 
939 
•;930 

654 
660 
650 
596 


*  Given  by 
Manuf ac  turers 
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nrSULATINO  VAEliriSH- 


To  liBprove  the  insulating  qualities  of  fibrous  materials, 
they  are  usually  impregnated  with  some  form  of  insulating 
varnish  eof  either  the  baking  or  air  drying  variety.  For 
most  purposes,  an  insulating  varnish  Bhould  give  a  perrf^inent  a^.i 
uniform  coating  of  insulation  which  is  tough,  which  v/il3  not  be 
influenced  by  heat,  and  which  will  not  deteriorate  with  age. 
It  should  also  be  free  from  the  effects  of  acids,  moisture  and 
oil.   Ordinary  gum  shellac,  dissolved  in  alchohol,  with  whirh 
many  of  the  earlier  machines  were  insulated,  is  no  lon.;;r>r  -licd, 
owing  to  its  rapid  deterioration  \mder  the  effects  oi"  hcv.u 
and  mechanical  vibration.   A  good  baking  insulatir./j  va.rnjs>. 
shoTild  give  a  breakdown  test  of  between  1200  ar'^  1800  ^'olts 
per  .001  inch.  Most  of  the  vamishee  on  the  jn£;rkjt  arc^  ccn- 
poimds   .  ^*  .  r^  of  linseed  oil,  turpentine  ar^d  rosin^  and  are 
usually  applied  by  dipping,  after  which  the  ceil  is  baked 
at  a  temperature  of  from  60  to  80  degress  Centi^iade* 

Armalac  is  black  parafin  dissolved  in  naptha.   In  appear- 
ance ,  it  resembles  asphaltisn  paint.   It  dries  tou.^Th  and  requires 
very  little  baking • 

TABLE  VIII. 
CLOTH  AHD  PAPER  COATED  V/IPH  STEI^LINQ  VABUISH: 

•  ... 

ICaterial     Varnish  Thickness     Breakdown    Volts       Meg-ohms 

mils  voltage     per  mil     per  sq.ln. 

Kuslln  G.P.Ins.                   10.5 

"  Qk.Dry.G.P.Ins.      9- 

••  Spec -Cloth  Yarn     6.2 

"••  Bakg."^^oT  calic         8.5 

"  Air  2ry.Vclti:lac  7.8 

Pajer  O.r. In  •. 'o.n.          5.5 

"  Qk  -  r r  y  .  Ij- 1 . '  /.-j  r li .    4.8 

"  Voi'tair.c  8- 

;   ••  Ex.BlK.Coil  Ve.rn.6.5 


7,300 

695 

6,600 

733 

5,eoo 

4 

854 

9.000 

1356 

5:tlO 

703 

o.eoo 

1054 

a;?od 

895 

.'S^'oO  . 

1052 

C-jCOO 

787 

6,500 

969 

190. 
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In  baking  varniehed  coils,  care  should  be  taken  to  not 
heat  to  too  high  a  temperature.  The  varnish  will  be  more 
readily  absorbed  if  the  coil  is  heated  prior  to  dipping. 

It  is  the  practice  of  somo   •  ccnpa.iics  to  apply  the 
Insulating  compounds  to  coils  of  higher  voltage  machines  by 
heating  them  in  a  vacuum.   This  not   only  extracts  the 
moisture  from  the  pores,  but  the  air  r.a   well.  THien  this 
process  has  been  carried  out,  the  insulating  conporuirt  is 
admitted  into  the  vat  under  pressure  and  at  fairly  high  tem- 
parature.   Coils  insulated  in  tliis  manner,  espscially  those 
where  the  winding  is  of  considerable  depth,  show  high  insulation. 


OILS. 
Oi).  is  used  for  Insulation  in  transformers.  The  oil  used 
for  this  pux^pose  is  a  high  grade  of  mineral  oil,  which  should 
be  free  from  moisture,  have  high  flashing  test  of  not  less 
than  180^  C.  Burning  test  should  not  be  less  than  200^  C,  and 
be  free  irom   impurities.  The  disruptive  strength  of  oil  is 


lowered  by  the  presence  of  water  or 
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The  presence  of  v;ater  may  be  detected  by  dra\7ing  oil  from 
tlie  bottom  of  the   containing  vessel*     Moisture   is  pr.es^nt   if  a 
hissing  noise   is  produced  when  a  hot   iron  is   thrust    into   the 
oil.     Moisture  may  be   removed  by  heating  the  cil  for  if^ne   tJjoa 
at  or  near  the  boiling  point  of  water.     The  fallowing  tabl^ 
will  indicate  the   improvement  made    in  the  imitjlatirg  strength 

of  oil  by  drying  It  thoroughly. 

Kllovol^s> 

Distance  Before  Boiling      "  Aft'3r  Boiling. 

10  mm*  50  106 

18  mm.  78  }.70 

24  mm.  88  3  34 

Like  Other  insulating  materials,   the  disruptive  strength  of 

oil  does  |iot  Increase  directly  vith  the  thickness  cf  %h:   li^v^r. 

In  the  foHpwixig  tables  will  be  found  the  resiAlts  of  tests  on  a 

number  of  conmereial  insulating  oils* 

TABLE  3C. 
SAMPLB  OF  on.  FROM  STAIIDABD  ptL  00.  ,  BAYOmrS,  N.J. 

Sample 

#  i 

n 

#  2 

3 

3 
3 

TABIJB  XI. 
OILS  PRCM  VACUUIi  on..  CO.   ROCHESTER,  N.Y. 
All  oils  treated  xcr  trrne former  use. 

l>eg.   ?*. 
Satiiplf       Oravity      Cold       Plash      Vi.rt     Viscosity  110-170 

X  26.5  40  4dr>  545  12'J 

2  30.3  0  380  4Z0  130 

3  31.0  25  360  ^10  132 

4  32.0  16  340  390  74 

5  34.0  15  320  ;S60  54 

6  39.0  20  265  305  35 


I)|.8tanoe 

Kllovolte . 

3  mm* 

48 

6  mm* 

70 

10  mm* 

100 

3  myi* 

59 

6  mtn. 

78 

10  stti. 

99 

3  mm. 

64 

6   SIQ. 

8Q 

10  mm. 
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Lple 

Distance 

Kilcvolt.g  by 

Kilovolte  by 

Sec.  Vfl*noter 

Ratio 

1 

3 

51 

4d 

N 

6 

'/I 

67 

II 

10 

114 

95 

2 

3 

^:3  5 

41.8 

n 

6 

n9  4 

56 

ft 

10 

63.5 

65 

3 

3 

47 

»k 

n 

6 

71 

6d 

ft 

10 

101 

92 

11 

14 

101 

92 

4 

3 

51 

46 

n 

6 

89 

84 

n 

10 

91 

88 

fi 

14 

117 

106 

fi 

IS 

137 

128 

5 

3 

52.5 

48 

II 

6 

56   • 

52 

n 

10 

59 

54 

n 

,14 

66 

60 

6 

2 

62.5 

48 

n 

3 

33 

35 

H 

66 

72 

68 

n 

10 

93.5 

89 

R* 

14 

1^2. 

135 

If 

2 

45.5 

38 

m 

3 

66 

60 

n 

4 

75 

72 

m 

8 

114.5 

9-. 

#  6    Is  300  deg.  Mineral  Seal. 
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PART  Tiro 


THE  DESIGN  OF  ELZ^CTflOriAGNETS, 
CLUTCHES  AlO  BRAK3S. 

It  is  well  known  that  when  uo^qtb  tic  lines  of  force  eminate 
from  a  magnet  to  the  air,  or  pass  from  the  air  to  the  iron,  a 
tension  exists  in  the  lines  of  force.  Th^  tension  per  vmit 
are  is  proportional  to  the  square  of  the  intensity. 

The  first  asstmptlon  usually  made  is  that  of  the  material 
to  be  used  in  the  different  parts  of  the  magnetic  density  at 
which  each  part  of  the  circuit  is  to  be  worked.  Kaving  assumed 
the  value  of  B  for  a  given  part  of  the  circuit,  the  value  of  H 

*  * 

is  determined  from  the  curve,  for  use  in  equation  10;  we  can 
then  place  this  assumed  value  of  B,  the  density  in  the  working 
air  gap,  in  the  expressions: 

3*A 


8  /T 


dynes. 


B^ 

dynes  (10) 

STT 


or  the  total  pull  may  be  expressed: 


B^  A  (11) 

in  lbs. 


8/7* X  91  X  456* 6 


B*  A  (12) 

-  pounds  pull* 


11,183,461 


where; 

B  is  the  magnetic  density  in  gausses, 
A  is  the  artOA  in  sq.cm- 
P  Is  the   pull  in  T.bs- 

From  this  ^'.rua-^io-r. ,  the  i.ull  or  tractive  effort  which  a 

magnet  or  given  polar  arsa  is  exerting  may  be  calculated* 
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There  are^  however 9  many  considerations  of  practical 
importance  which  materially  effect  the  calculations  of  an 
electromagnet. 

let.  The  proportioning  of  the  magnetic  circuit  to  carry 
'  the  required  number  of  lines   of  force  at  an  economical  density 
for  the  material  used  in  the  circuit. 

2nd.  The  selection  of  the  proper  material  for  the  purpose 
consideredt  which  involves  the  first  cost  of  material  and  cost 
of  shaping  in  the  machine  shop^  together  with  the  final  cost 
of  operating,  or  the  efficiency  of  the  completed  mechanism. 

Srd.  The  arrangement  fof  the  various  parts  of  the  mechanism 
80  that  undesirable  leakage  will  be  reduced  to  a  minimum. 

4th*  The  design  of  the  windings  so  as  to  secure  economy  in 
the  first  cost  of  copper,  and  small  I  R  loss  in  the  operation 
of  the  device. 

5th.  The  insulation  of  the  wire  of  Hxe  windings  and  the 
insulation  of  the  windings  themselves  from  the  other  parts  of 
the  mechanism. 

6th.  The  correct  mechanical  design  of  the  purely  mechanical 
features  of  the  device,  so  that  it  shall  at  the  same  time  be 
able  to  endure  the  stresses  applied  to  it  in  working,  and  pre- 
sent  a  correct  and  pleasing  appearance  to  the  eye.  This  last 
cons Ide rat lion  of  correct  mechanical  design  is  frequently  lost 
sight  of  by  designers  of  electrical  apparatus  and  is  a  most 
*  serlotis  d«faot    *  when  omitted. 

These  considerations  can  best  be  Illustrated  by  conslder- 
.  tag  4*3rinlt«- eases «  Supposf  It  is  necessary  to  design  an  elec- 
tro>»ii«gnAt.  far  •«oa»  »i>efeAf  led  'purpose*  In  general,  such  a 
gne.t  would  have  Its  Iron  circuit  put  up  somewhat  as  follows. 
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The  yoke  will  be  of  cast  Iron,  If  It  be  a  magnet  of  con- 
siderable size,  in  which  our  values  of  B  zaay  range  from  4,000 
to  6,000  gausses,  according  to  the  q\:iality  of  iron  selected, 
which  it  will  be  seen  by  reference  to  the  curves  on  pages  28 
and  29,  will  correspond  to  values  of  H  ranging  from  5  to  40, 
beyond  which  limits,  it  is  seldom  advisable  to  go.  For  most 
work,  values  of  H  not  far  from  20  may  be  used  to  advantage. 
The  cores  C  C,  will  be  of  soft  wrought  iron  and  let  into  holes 
in  the  yoke.  They  are  made  of  wrought  iron,  as  approximately 
three  times  the  magnetic  density  can  be  esqployed  that  could  be 
used  for  cast  iron.  Thus,  for  a  given  value  of  the  total  flux 
(2^,  about  one  third  of  the  area  of  cross  section  is  necessary, 
and  the  length  of  a  turn  of  wire  about  the  core  is  considerably 
reduced,  making  a  corresponding  reduction  in  the  weight  of 
copper  possible. 

The  Joint  between  the  cores  and  the  yoke  should  be  as 
perfect  as  possible,  which  may  be  accomplished  in  several  ways. 
The  cores  may  be  forced  into  position  by  hydraiilic  pressxire; 
the  yoke  heated  €uid  shrunk  on  the  cores,  or  wha^  is  a  more 
common  method,  and  for  the  most  cases  is  perhaps  the  best 
construction,  is  as  follows:  The  cores  are  turned  to  the  same 
dlao^eter  as  the  holes  in  th«  yoke  the  yoke  is  split  as  indi 
c*t«d  In  *-i6,  »5,  and  elampda  vtpdii  tiid'body  of  the  c«re 
moans  of  bolts  or  screws.  'Whenover  possible,  the  heads  of  such 
bolts  or  screws  should  not  be  allowed  to  project  above  the 


leakage 


occasioned. 


In  the  case  of  small  magnets,  such  as  are  used  for  belle, 
annunciators,  etc.,  the  yoke  is  usually  made  of  wrought  iron 
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v;ith  tho   cores  simply 
faced  and  socufed  to  the 
surface  of  tho  yoko  by 
moans   of   screws i   but  this 
docs  not  alv/ays  provide 
a  thoroufchly  satisfactory 
nagnotic  Joint.      A  later 
and  more  appT*oved  raetliod 
In  tJiC   constnaction  of 
small  magnets   is  to  pass 
the  coro   throur;h  the  yoke 
and  then  expand  it  by 
mechanical  means* 


"J^erc  the   construction  v/iii  permit,    it   is  often  advisable 
to  make   the  cores  and  yoke   of  one  piece   of  v/rought   iron  bent 
into   the  shape  of  a  letter  U,    thus  giving  a  continuous  magnetic 
circuit  without  joints* 

The  armature   is  usually  of  v/rought   iron,   carefully  surfaced 
and  should  have  between   it  and  tho   poles  a   short  air  .space,    so 
that  the    residual  magnetism  of  the   circuit  will  not  cause   it   to 
adhere  to   the  poles  after  the  magnetizing  current  has  been 
removed.      This  air  space   is  usually  secured  by  placing  small 
copper  pins  or  screv/s   in   tlie  air  gap  face  of   the  core,  \;hlch 
project  slightly  above  the  surface  of  the   core,   so  that    the 
armature,   when  attracted,   does  not  come   into  direct  contact 
"v/ith  the  poles,   but  rests  upon  the  copper  surface  presented* 

In  the  shaping  of  the  magnetic   circuit,   care   should  b« 
taken  to  arrange   the  parts   so  th^it  all  portions  exhibiting 
opposite  polarity  './ill  be   removed  from  eacli  other  as   far  as 
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of  the  magnetic  circuit  should  be  short,  so  that  it  may  be 

magnetized  with,  a  minlziituzi  expenditure  of  energy  in  the  windings. 

» 
All  sharp  amglea  should  be  avoided  in  the  surface  of  the 

magnetic  circuit  and  in  general  the  radii  of  curvature  of  the 

surfaces  of  the  magnetic  circuit  should  be  as  great  as  pos^ib.e. 

The  windings  ma»t   be  designated  so  that  they  will  su:p!)y 
the  required  U.U.F«  y  and  at  the  same  time  have  a  resistj^n^e  su.h 
that  with  the  given  E^lt.F.  available  at  the  terminals  of  the 
winding,  only  the  required  current  will  flow  through  the  wire. 

There  must  be  provided  sufficient  radiating  surface  on  th^  . 
coil  80  that  the  I^R  losses  producing  heat  in  the  winding  will 


not  raise  the  temperature  of  the  coll  to  a  point  wheie  thcro 
is  danger  of  burning  the  Insulation  of  the  winding.  A  rx^.e   in 
teBgE>erature  above  the  surrounding  air,  under  continuous  working 
of  from  50^  to  50^  Centigrade  is  safe,  and  to  secure  this 
result  there  should  be  provided  from  one  and  one-half  to  three 
sq.  in<  of  radiating  surface  per  watt  radiated. 

TbM   following  rule  which  Is  a  modification  of  that  given 
by  Iseon  (  See  8«P«ZhoiBpeoa»  Vol.1,  page  374)  showe  this  rela- 
tion more  ^loaely. 

83  ¥ 

fOQ        a (IS) 

V  la  ttM  z*R  lot!  txprttttd  in  watts, 

^8  li  tha  radiating  surfadd  Axpreised  in  sq.in. 
T  C  if  the  rise  in  tenrperat;;.r6  &':ove  the  air. 

1 
Sq-uation  13  assvoces  a  ratiatlou  coefficient  of  — — —    s 

83 
.012  watts  per  pq.    in.  per  degree  C.   rise  in  ten;iperature. 

This  coefficient   is  based  on  TiaKerman'e  restilta   (See  Trans. 

Aner.rnst.Elec.Engrs. ,  p. 342,  Vol.  X,  lee?.)  v;hich  are  in  part 

as  follows. 
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TABLE  XII. 


CYLBIDER  7KEE. 


100  X  OP  QYLISDTSR   COVER- 
ED BY  POLES.  Al^IALL  AIK  GAP. 


TTatts  radiated 

l^atts  radiated 

per  degree 

Rise  in 

per  degree  rise 

Rise   in 

rise   in  tem- 

Teiaperature 

in  tenperature  per 

Tenqperature 

perature  per 

decrees  C. 

per  square   inch. 

degrees  C. 

square    inch. 

49 

. 01128 

63     . 

.01048 

92 

. 01200 

97 

. 01145 

130 

.01282 

130 

. 01225 

— — oOo 

A  tempreature  as  high  as  100^  C.  above  the  surroimding  air 
may  be  used  without  carbonizing  the  insulation  if  properly 
made,  but  it  is  desirable  to  operate  at  a  lower  temperature 
unless  some  inqportant  consideration  actually  demands  this  value 
which  corresponds  to  a  radiation  of  nearly  two  watts  per  sq*in. 

In  beginning  the  design  of  an  electromagnet,  having 
chosen  the  naterial  of  which  it  i^  to  be  made,  the  magnetic 
density  at  which  it  is  to  operate  should  be  selected.  The 
curves  en  pages  72  and  75,  which  are  calculated  on  the  asstoiq)- 
tion  that  the  dietrlbution  of  the  fl\3X  from  the  polar  surface 
is  uniform^  nay  be  ui»ed  to  ascertain  approximately  the  area  of 
the  poles,  remembering  that  if  the  magnet  is  bi-^polary  one  half 
of  the  total  pull  will  be  exerted  by  each  pole.   It  will  now  be 
well  to  lay  off  on  the  drawing  board  a  diagram  of  the  magnet  to 
scale,  maJcing  an  assusgption  of  the  space  which  will  be  required 
by  the  windings.  The  length  of  the  magnetic  pathii  lA  the  dif* 
ferent  parts  of  the  clrouit  should  now  be  measured  and  the 
magnetomotive  force  requit*ed  hy  tfach  portion  ef  the  circuit 
ealoulatad  ail  ttllMit     toir  th.9  Adnaiiy   4t  whi4h  eaQ)i  part  of 
the  circuit  is  to  be  operated,  find  from  the  B'.  &  H^  curve  the 
corresponding  value  of  K-  Multiplying  the  value  of  H  of  t>xat 
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portion  of  the  circuit  in  centimeters  v;ill  give  the  Gilberts 
for    that  portion. 

By  adding  the  Gilberts  required  for  the  entire  magnetic 
circuit,   since 


4     Si 

H  L 
1.257 

10  L 
H  L  X  10 

(14) 
-(15) 

4 

we  have,  r= 

To  this   the   total  Gilberts   for  t/ie   circuit,   divided  by  1.257 
vrill  give  the   rev/aired  ampere   turns. 

The  radiating  area  of  the  coils  should  now  be  carefully 
ascertained,   and  by  modification  of  equation  13,   page   70^  we 

have , 

S     T 

T**  Cent.  s       83     (16) 

S 
S  X  T 
Therefore,  I  = •  (17) 

83  E 

TRiere, 

T   is   the  allowable  tei'iperat\ire   rise  in  degrees  Centigrade 
S   is   the   radiatinf:  area    in   pjqaare    inches, 
1  is   the   j^apre.^.sel  c-lectroractive   force  upon  the  coils, 
I   is   the  curi  ent  v/hich  will  just  bring  the  coils  up   to 
rhe  temperature  T. 


JL 


From  t}:is   equation,    the  majcimum  allowable  value  of  current 
aiay  be  found. 

3y  dividing  the  ampere   turns  requl*  ed  by  the  allowable 
current , 

Si 


I 


(18) 


the  number  of  turns  i?ill  f  ollo*.v. 
Prcm  oqviatioa  11,  ve  have, 
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K  X  L  X  I 
(m)   « (19) 

TQiere, 

L  is  the  total  length  of  the  conductor, 

I  is  the  current,  and 

E  is  the  impressed  electromotive  force. 

If  we  let  L»  represent  the  mean  length  of  one  turn  of  wire 
on  the  coils  in  inches,  the  total  length  will  be  L*  x  S,  where 
S  equals  the  number  of  turns. 

Equation  14,  page  74  may  now  be  written: 

K  X  !•  X  S  X  I 
(m)    ^         - (20) 

12  X  E 

By  use  of  this  equation^  the  size  of  wire  may  now  be  found 
*' which  when  would  to  the  mean  diameter  selected,  with  a  voJIa^TJ 
E  impressed,  v/ill  just  give  the  required  number  of  ampere  turns. 

On  page  46  will  be  found  tables  giving  the  diame^erj  of 
insulated  wires,  and  by  use  of  equation  10 j  pag3  65,  the 
number  of  wires  which  will  wind  in  a  given  area  may  be  found. 

After  having  made  allowance  f*or  insvilafcion  at  tho  ends 
and  bottom  of  the  coil,  this  area  should  be  made  to  check 
fairly  closely  with  the  assumed  area.   If  it  dcos  uotj  it  is 
clear  that  too  much  or  not  enougli  v/inding  space  has  been  assrm- 
ed,  and  then  the  assumption  should  be  made  and  the  calculation 
repeated • 

In  addition  to  the  electromagnets  of  the  type  shown  in 
Pig.  33,  there  is  a  second  type  which  is  in  great  favor  for 
heavy  work.     -* 

The  magnet  shown  in  ?ig.  34  is  one  of  this  type,  which  is 
known  as  the  iron-clad  magnet,  owing  to  the  fact  that  the  magne*- 
izing  coils  are  entirely  protected  by  an  external  iron  Jacket* 
The  Jacket  serves  also  to  complete  the  magnetic  circxiit  and 


. 't      ■)'■■■   ,    .      '.L'-J 


'  :»/'of  t,    '~iO-i. 


76~ 


forms   ond  of  the  poles  of  the  magnet. 

The  magnetic  circuit  of  an   iron-clad  electromagnet    is 
usually  mr;de  of  cast  steel.      The   internaJL  pole    (H) ,    the   yoke  . 
(I)   and  tlie  axj^ernal  pole    (J)   are  all  cast   in  one  piece.      The 
armature    (K)  may  also  be  made  of  cast  steel  and   is  practically 
a  remand  disc.      The  spool  on  v/hidh  the  xoagnetizing  coil    (s)    Is 
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Fig.  34. 
wetmd  Ismade  with  the  cylindrical  hole  in  its  center  to  lift  ov«* 
the  pole  (H)  and  the  flanges  of  the  spool  extend  out  to  the  in- 
side surface  of  the  pcle  (J).   The  .«.pool  is  somocimcd  held  in 
position  by  a  flat  bras^  rinj  which  also  fits  ovf»r  and  is  usual- 
^.y  scre'-ved  to  the  pola   (K) .   The  brass  ring  can  also  be  made  so 
as  to  support  and  add  strength  to  the  protecting  Jacket  (J). 
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magnetic  density  uniform  at  alX  points  of  the  nognetlO'-'X^drctLlt^ 
This,  however.  Is  not  essential  to  the  efficiency  of  the  znagnet. 
The  designer  may  use  good  Judgement  in  making  the    density  in 
the  core  such  that  the  length  of  .the  coils  of  wire  about  it 
will  not  be  too  great,  and  the  thickness  of  the  outer  pole  such 
that  It  will  not  be  too  thin  to  be  cast  readily  or  to  withstand 
the  blows  which  may  come  upon  It  from  the  outsider  Hhen  differ- 
ent areas  for  H  and  J   are  used  or  for  that  matter  different 
densities,  account  of  this  must  be  taken  in  the  calculations • 

The  principles  involved  in  calculating  the  dimensions  of  a 
magnet  of  this  type  are  exactly  the  same  as  those  employed  in 
designing  a  magnet  of  the  "horse-shoe  type"  as  shown  in  Fig.  33. 
In  measuring  the  length  of  the  magnetic  circuit  it  is  to  be 
remembered  that  the  mean  path  lies  in  the  center  of  the  pole 

(J)  and  of  the  yoke  and  armature  (I)  and  (K) ;  in  the  pole  (H) 
however,  it  lies  at  a  distance  equal  to  orie  third  of  the  rad ius 
of  the  surface  of  (H) ,  as  Indicated  by  the  dotted  lines  in 
Pig.  34.  Kagnetlc  densities  ranging  between  10,000  and  16,000 
gausses  should  be  used* 

In  determining  the  temperature  of  the  winding  in  an  iron- 
clad magnet,  a  modification  of  the  direct  method  of  eqtiation  IS 
must  be  made  owing  to  the  fact  that  the  heat  generated  in  the 
wind  tog  must  be  liberated  by  conduction  through  the  iron  Jacket 
and  by  radiation  from  the  external  surfaces  of  the  yoke,  outer 
pole  and  armature* 

Let  §*  ^  The  total  external  area  of  the  yoke,  outer  pole 

and  the  ajrmature  expressed  Ih  i^ud^e  inches* 
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S  »  The  sum  of  the  outer  cylindrical  area,  and  the 
top  a:^d  bottom  disco  Idal  areas,  of  the  magnet  is 
ing  coll. 
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1.72  X  E  X  I  X  D 

s+  s» 


(24) 


3.44  (EI)  X  D 
S  +  S' 


(25) 


The  temperature  of  the  coil  is  then,  Tc  T*+  T" 

ProEt  the  ^bove  equation  it  will  be  seen  that  if  Ihe  outer 
surface  be  large  and  the  sheet  thin^  the  temperature  of  the  coil 
may  be  made  lower  than  It  would  be  when  radiating  the  same 
wattage  in  air. 

Thin  iron  ribs  are  often  cast  on  the  outer  surface  of  mag- 
net shells  to  increase  the  radiating  area. 

So  far  we  have  considered  the  design  of  electromagnets  to 
be  used  in  sustaining  a  given  v/eight,  saying  nothing:  of  the 
distance  bet\7een  the  pole  face  and  the  armature ,  in  as  much  as 
these  are  supposed  to  be  in  contact.   There  are  numerous  cases 
in  practice  where  it  is  desirable  to  pi'-oduce  a  magnet  which  will 
lift  a  given  v/eight  through  a  cor.siierable  distance.   Since  the 
air-gap  in  sue?,  a  icc-gn^t  is  ci  Cv-nsidorable  length  and  a 
variable  quantity  diiriiif;  the  tliac:.  th3  magiiet  is  operative ^  a 
special  treatment  is  necessary  in  the  design  of  such  a  unit. 
For   a    .omplete  discussion  of  the  theory  tof  tract ional 
electromagnets  and  examples  of  the  de3ign  of  the  same,  the 
student  is  referred  to  articles  in  the  Electrical  World  and 
the  Electrical  World  &  Engineer  as  follows: 

Vol .  93 ,  pp.  113 ,  212 ,  and  242 . 

Vol.  29,  pp.  196-197. 

4 

Vol.  36,  pp.  125-132.  422-423. 
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MAQUETIC  LEAKAGE. 


TTherever  a  xnagnetomotlve  force  Is  malntalnedy  a  magnetic 
field  results,  and  a  flow  of  magnetic  lines  of  force  is  estab- 
lished which  permeates  the  surroTonding  space.   If  pieces  of 
iron  lie  in  the  path  along  which  the  r.K.P.  is  acting,  the  lines 
of  force  will  mass  together  in  passing  these  points t  since  the 
iron  offers  less  reluctance  than  the  surroianding  air*  Likewise 
if  a  flux  be  set  up  in  a  magnetic  circuit  composed  of  Iron, 
but  along  which  the  magnetizing  coils  are  not  evenly  distribute 
ed,  or  if  a  portion  of  the  circuit  is  of  higher  reluctance  than 
an  adjoining  portion,  the  lines  of  force  will  some  of  them  leave 
the  Iron  and  pass  into  the  surrounding  air.   The  air  forming  a 
shunt  to  the  magnetic  circuit  proper.  Just  as  a  part  of  the 
return  current  in  a  trolley  system  leaves  the  track  and  flows 
through  the  earth.   A  magnetic  circuit  in  air,  i.e.,  an  iron 
circuit  carrying  a  magnetic  flux  and  surroimded  by  air  is 
analogous  to  a  conductor  carrying  an  electric  current  and 
immersed  in  a  poorly  conducting  liquid   The  fall  of  potential 
along  the  conductor  is  sure  to  cause  some  of  the  current  to 
enter  thft  liquid  and  more  so  at  a  point  where  the  resistance 


of  the  conductor  is  greater.   In  a  magnetic  circuit  the  greatest 
leakage  occurs  around  the  path  of  greatest  reluctance,  that  Is 
around  the  air  gaps.   Since  the  working  portion  of  an  electro- 
magnet or  a  dynamo  is  the  air  gap,  the  useful  flux  being* that 
appearing  at  the  air  gap,  the  flux  which  leaks  around  the 
useful  point  is  lost  so  far  as  its  ability  to  do  work  is  concern- 
ed and  is  therefore  termed  leakage.  Hfhenever  leakage  occurs, 
the  useful  flxix  is  always  less  than  the  total  tlox   generated  by    j 
iJa&.fiajg^etlz ing  coils,  and  the  leakage  coefficient  Is  the 
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quotient  obtained  by  dividing  the  total  flTix  where  It  is  a 
maximum  by  the  flux  passing  across  the  useful  air  gap. 

Since  leakage    always  occurs,  it  is  necessary  to  design 
the  magnetic  circuit  and  the  magnetising  coils  so  that  the  leak-* 
age  will  be  a  minim\am  and  the  total  fl\xx  at  the  point  where  it 
is  a  maximum »  that  is,  at  the  center  of  the  magnet  collSf  suf- 
ficient to  give  the  required  useful  flux  at  the  working  air 
gap.  The  leakage  coefficient  for  horse  shoe  magnets  varies  from 
1#1  to  1«4|  and  that  of  iron  clad  magnets  from  1.075  to  1«25» 
depending  upon  .the  density  at  which  the  iron  is  worked  and 
the  reluctance  of  the  circuit.  After  having  determined  the 
tot%l  useful  flux  necessary,  this  must  be  multiplied  by  the 
leakage  coefficient  assumed  in  order  to  get  the  total  tlvx   at 
the  point  where  it  Is  a  maximum  in  the  circuit  under  considera- 
tion. I.e.,  within  the  magnetizing   colls. 

ELBCTROMAOKETIC  CLUTCHES  AB3)  BRAKES. 

The  general  methods  to  be  employed  in  the  design  of  nag* 
netlc  clutches  and  brakes  is  practically  the  same  as  that  used 
in  designing  electromagnets  to  sustain  a  given  dead  weight* 

In  magnetic  clutches  there  is  no  lateral  movement  of  the 
contact  surfaces  v/hen  once  in  operation,  so  that  we  must  depend 
for  the  maintainence  6f  the  transmitting  torque  entirely  upon 
the  magnetic  tension  between  the  two  surfaces.   In  putting  the 
clutch  Into  operation  however i  there  Is  lateral  motion  of  one 


part  with  respect  to  the  other,  and      this  is  consequently  a 
cutting  of  the  lines  of  force  set  up  in  one  part  by  the  mass  of 
metal.   The  eddy  currents s  have  the  effect  of  magnifying  from 
10  to  30  times  the   torque  due  to  the  magnetic  adhesion  alone^ 
and  this  effect  is  a  factor  of  prime  importance. 
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In  the  ease  of  magnetic  brakes,  in  which  there  is  a  con- 

r 

tinuous  lateral  movement  of  the  two  parts  v/ith  respect  to  each 
other,  the  effect  of  these  eddy  currents  is  of  paramount  impor- 
tance and  the  calculations  slxuld  be  made  with  reference  to 
them,  rather  than  the  magnetic  adhesion,  in  determining  the 
effective  torque. 

In  Plate  12  are  exhibited  seme  typical  foms  of  magnetic 
clutched.   The  bearing  surfaces,  which  are  also  the  bOLinding 
areas  of  the  working  air  gaps  of  the  magnetic  circuit,  shoiild 
be  conical  whenever  it  is  possible  to  make  them  so,  to  allow 


/ 


/ 


/ 


,  f .  , 


V       > 


\        I 


s* 


•^^^ 


y''///A\^\\^\\\\> 


Fig-  34. 


for  taking  up  the 
wear.   Of  the  devices 
shown.  Fig.  34  is  a 
simple  form  of  magnet-* 
ic  shaft  coupling. 
"When  the  exciting  cqH 
is  energized  by  send-* 
ing  a  current  through 

* 

It  by  way  of  the  col- 
lector rings,  the 
armature  Is  dra?m  and 
held  firmly  until  the 
current  is  broken* 
The  spring  washer 
between  the  two  parts 
of  the  clutch,  forces 
the  halves  of  the 
clutu-'i  .?part  when  noi 


-...o  i 


m  operation. 


I 


«  • 


I        •     • 


I     • 


J 


*  s 


T' 


'.  A 


•n 


•  ^ 


.«    *:: 


I   •< 


<  r 


.,  'V 


.*% 


.< 


f  ' 


i  »• 


't    i 


I 

t 

.  1 


Mi 


/.i 


.'.•  \ 


I      » 


.  v:<V 


•  f  't  • 


".'J 


*  i»' 


I*?* 


^  '.  .  »', 


.'4    •» 


•      ".( 


^  r 


<  r*  * 


^  *"  * 


tM. 


A« 


.'         J 


•         *    % 


»  i/' 


j^v^r    , 


7.'  < 


.:*r. 


t.,. 


/.  -»-' 


«.   '^      ./M* 


..     ,..     , 


.4'    » 


i 


\-  * 


•.'./• 


•\    ^ 


«  »  ' 


/.  - 


\  .  ■  »' 


♦•    v    . 


^•1 


♦  * 


>     * 


J  .' 


■»  . 


»> 


,\ 


■'    »• 

I    • 
% 


'•      1 


•-V 


'*, 


84 


Fig.  35  llluatrktee  a  safety  coupling  arranged  so  that  a 
partlc\2lar  section  of  the  shaft  may  be  stopped  almost  Instantly 
in  case  of  an  accident*   The  disc  (A)  is  fastened  to  the  driv- 
ing sZiaft  (B),  and  is  provided  v/ith  a  recess  (C)  in  its  side 
to  receive  the  magnetizing  coil. 

The  tenrinals  of  the  coil  are  suitably  connected  to  the  col- 
lector  rings  moionted  on  t  he  shaft  and  upon  tho^e  b'^ar  brushes 
which  are  in  turn  connected  to  the  contacts  at  (r>) .   The  arma- 
ture disc  (E)  is  rigidly  keyed  to  the  driven  shaft  [L^) .    (G) 
represents  a  disc  exactly  similar  to  (A),'  but  which  i.^  rigidly 
secured  to  the  bearing  (H) ,  so  as  not  to  rotate.   The  ends  of 
the  coll  (I) 9  of  this  dlsCi  are  connected  to  the  remaining  two 
contacts  at  (D) •   The  double  contact  switch  at  (S)  is  connected 
to  the  source  of  power.   The  operation  of  the  device  is  as 
follows: 

mien  the  driving  shaft  (B)  is  rotated,  the  disc  (C)  will 
rotate  with  It.  How  If  the  switch  at  (D)  is  thrown  to  the  left 
the  current  flowing  will  magnetize  the  disc  (C),  and  attract  the 
disc  (B)  on  the  driven  shaft  (P) ,  causing  It  to  rotate  in  unison 
with  (C).   If  It  Is  desired  to  apply  the  brake,  the  b^vitcli  at 
(D)  is  thrown  to  the  right.   The  coil  (1)  will  now  be  enarijized 
and  the  armature  disc  (E)  will  be  drawn  away  from  (A)  and  up 
against  the  fixed  disc  (G),  bringing  the  shaft  (P)  speedily 
to  rest. 

In  making  calciilations  for  the  design  of  a  magnetic 
clutch  a  factor  of  safety  of  2.5  or  3  shoiild  be  used,  which 
means  that  the  maxiimam  torque  which  the  clutch  will  transnit 
wi^  be  2* 5  or  5  times  the  normal  torque  which  it  is  expected 
to  tiransmlt.   Tli^  f ollowin'-":  expression  v/ill  be  useful  in 
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calculating  the  Bizes  of  tne  parts  of  magnetic  clutches  and 


brakes. 


Let  H.P. 
P 
R 

P 

A 


Tho  horse  power  to    be   tramsmitted. 

Tic  factor  of  safety  assumed. 

The  mean  distance  of  the  contact  areas  from 

center  of  shaft,    in  feet. 

The  pull   in  pcands  per  sq.  in.    of  contact 


area. 


B 
C 


The  area  in  square  inches  of  the  contact 

areas,  or  the  area  oi!"  the  working  air  gap 

of  the  magnetic  circuit  in  square  inches. 

The  Eiagnetic  density  at  the  air  gap  expressn. 
ed  in  gausses. 

The  coefficient  of  friction  corresponding  to 
the  materials  used  and  to  a  pressure  eqttal 
to  P. 


Then, 


H.P.       = 


(26) 
PxAx2x;r3cRxHxC 


33000 
PxAxRxITxC 


5252 


(27) 


where, 


B  X  6.45 

p     sr     

11183460 

or  Is  taken  from  the  curves  of  tractive  effort  as  given  on 
]>ages  72  and  73. 

In  case  the  surfaces  of  the  contact  ares  make  an  angle  ^ 
with  the  direction  of  the  tension  of  the  lines  of  force,  S^ 
being  then  equal  to  1/2  the  angle  between  the  contact  areas,  a 
correction  must  be  introduced  by  multiplying  the  mamerator  of 
the  equation  by  the  sine  of  sH. 

In  Table  XIII  are  given  the  coefficients  of  friction  of 
dry  -surfaces  -inc^er  gradually  var-yinc  pressures,  these  values 
being  taken  fro::;  experinei^tal  results  obtained  by  G.  Rennie,  C,B 

yhen  the  contact  areas  are  lubricated  with  oil,  tallow  or 
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lard,  the  values  of  the  coefficients  of  frictloi  should  be 
reduced  from  SO  to  90  ^ 


Pig.  35. 

TABLE  XIII. 
COKTVICISTS  07  FRICTIOII  OF  IIBY  SURFACES. 


Prpssuree 

in 

*rt.  on  Trt 

Trt.  on  cast 

Cast  iron 

Brass  on 

lb»-per 

■4 

.In. 

iron. 

iron 

on    steel. 

cast  iron 

8S 

.136 

.167 

.156 

.155 

S4 

.181 

.162 

.186 

.163 

T6 

.170 

.206 

.215 

.175 

It 

.187 

.222 

.237 

.182 

.302 

.239 

.257 

.191 

\n 

.217 

.254 

.276 

.200 

.232 

.267 

.280 

.206 

>200 

.230 

.280 

.304 

.210 
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ELBCTltO-MACNET. 


SECTION'  OF  KT^KCTROMAQXBT. 


MAGNITTIC  CLUK'H. 


ELKCTlld-MACNKTrc    AITAKATUS, 


ELE(TKIC  CONTItOr-LEIt  AND  SUPPLY  CO. 


BO 


I?o-.v,   frorj  equation    '27,  v;e  have, 


1.?.   X  5262 
P  X  :^  X  IT  X  C 


(20) 


and,- 


T- 


•  Jr   •      jv.     O  i*^  O  'V 


J\ 


P  X  A  X  IT  X  C 


{?-9) 


\v'k.ich       eqtiations  v/ill  be  useful   in  clotcniiiiini;;  the  ar/r,rnxiiaate 
sizes  of  tliC  clutches  aftor   the  aosunptionr:,  concorninr;  the 
magnetic  circuit  have  b?en  i7ir;de. 

Before  leavinr   the  subject  of  the  design  of  electronapnctS' 
a  number  of  probler.is   in  the  desi^^n  of  magnetic  circ-Uts  and 
their  solutions,  as  v/ell  i\s  exc^r.plcs  of  the  u.e  of  the  fore- 
going formula  v/ill  be  Given. 

In  the  case   of  the  designs  given  in  the  notes,    it  should  be 

« 

borne  in  uind  that  v;hat  is  j;iven  is  the  final  calcvtlations,  anc^ 
not  the  different  sets  of  calculations  which  are  usually  neces^^ 
sary  before  arriving  at  the  result  desired. 
Problera  1. 

There  are  three  hundred  turns  on  each  limb  of  a  na.gnet  v/ith 
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trie  diincns   in  en.   as  sJacvm  in 
?ig.   Ii2.      Gross  section  of  yoke 
and  ar::iature  4x4  cr;.      Cores 
circialcr,   4  cr,.    dirrceter. 
7/rour;ht   iron  tised  v/ith  all 
Joints  scraped.     "^Tiat  curr.  nt 
is  necessao'  to     sustain  a 
v/eir;ht  of  500  poimcls.     Use  cxarve 
for  '^vrcuf^^t   iron  and  nef^l^ct 

leakage  and   reluctance  of  the 
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Joints. 
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Problem  2. 


< 20 
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jBib  of  a  magnet  with  dliaen* 
8 ions   in  cm.   as  shown  in  Fig. 
37.      Cross  section  of  armatujie 
4x4  cm.      Cores  and  yoke 
circular, diameter  5  cm. 
THiat  current  will  be  nccessaiy 
to  sustain  300  kilogrammes? 
Use  wrought  iron  diirve  and 
neglect  leakage  and  Joints. 


Pig.  37. 
Problem  3. 

If  the  anoature  in  problem  (1)  is  removed  to  a  distance  of 
•  5  cm*  I  what  weight  will  be  sustained  by  a  current  of  5  amp? 
Problem  4. 

That  current  will  be  required  in  the  case  of  problem  2  to 
support  50  kilogrammes  when  the  armature  is  removed  a  distance 
of  .5  cm.  from  the  poles  of  the  magnet* 
Problem  5. 

The  frame  ehown  in  Fig.  38  is  of  wrought  iron,  dimensions 
in  cm.  The  test  piece  is  3  x  5  cm.  Cross  section  of  A  A*  is 
8x5  cm.  Air  gap  at  C  C*  is  •X   cm« ,  and  filled  with  brass 
bushing  to  prevent  friction.  Surface  at  B  is  scraped*  Nunsiber 
of  turns  in  coil  is  500.  Current  in  coil  is  1»2  amperes^  The 
test  piece  does  not  come  in  contact  with  the  eolla  Find  B  and 

for  the  test  piece  when  112  poxinds  are  required  to  pull  the 
test  piece  away  from  the  surface 
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Problem  6* 


If  the  faframe  Is  of  cast  iron,  all  other  data  renainlng 
the  same^  what  are  the  values  of  B  and  ? 
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windlngst 


Problem  9» 


Problem  7. 

If  the  magnetizing 
coil  is  woTind  equally  on 
A  and  A* ,  how  many  txxms 
ampere  turns  will  be 
required  to  produce  the 
samB  result? 


Problem  8. 

If  the  armature  in 
Prob.  2  is  removed  to 
a  distance  of  «1  cm* » 
what  weight  will  be 
supported  by  a  c\irrent 
of  6  amperes  in  the 


That  will  be  the  weight  supported  in  the  case  of  Prob* 
8  if  the  cross  section  of  the  magnetic  circuit  be  doubled 
throughout,  but  the  mean  lengths  of  each  portion  of  the  circuit 
be  kept  the  sane  and  the  same  current  passed  through  the 


windings? 


vn 


*  I  J 


-  ■  1     • 


I       '?5^V:^>.?'lJ'i 


n-i  •    If . . 


) 


f-- 


'^'V 


{     I! 
i    '  i 


■  1 

4 


I    1 

V 

! 

1 
I 


I  r 


' 


'   /     ••<'». 


•>        I 


i  . 


r  * 


'«» 


•     •-     I 


/    > 


,"4  .  «»  I   1 


•  -lor^'    -' 


♦':?  J     .r»jv  ?>>.'•       t  ■ 


'*'»   /^J 


.;  .       A    *:',:^H^- 


rnr/  rr* 


». .  ••  • 


1  *.'.  •  . 


'    4    r 


N^, 


.*  < 


f-tcr^i; 


':/ 


^  ^^i/ri  l>.'ii  -^ 


'^?*Xv<1»*^ 


I 


-I  4 


,tn4      '.ni       i^    ^♦n«^'V♦^'a   "*:'^i^  -^v    vnI    * 


\  ^.  X 


b  s    n;/^«  *   >fc  J   ^  j/^^.- 


.Vj./'o^tt      ^r 


i'    J     *    '"^n  <i<    'I* 


.  f 


%    "> 


t '.r'*-;  :.      u^i    * .    pf>jt  * 


{ir?i^    '  •    r.*ftu.f' 


«>  .'  ^ 


V' 


f>itj    r(:|r<o-^.rtJ   n  ■•.. 


♦  * 


M 


•1.'     :>M4M'     ♦    :3 


eff 


t,   [ 


I    I 


II 


•  I       1 
I  ■; 


^T^'MX.      '^i» 


91 


Problem  10. 


An  alectroioagnet  having  the  dimensions  in  cm.  given  in  Fig. 
39  will  sustain  100  lbs.  when  .4  ampere  is  flowing  through  the 

two  field  spools  in  series. 
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How  many  turns 


there   in 


the  winding?     The  circuit   is 
composed  of  wrought   iron. 
The  reiuct^ce  of  the  air 


gaps  and  magnetic  leakage  may 
be  omitted  from  the  consider- 


Fig.  S9 


at ion. 


Problem  11. 


If  the  magnet  in  Pig*  40  supports  87  pounds  when  188  ampere 
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turns  are  impressed  upon  its 
magnetic  circuit,  wliat   is  the 
length  of  the  cores  within 
the  magnet  coils.     The  mag- 
net is  made  of  wrought  iron. 
All  dimensions   in     cm«      The 
yoke  and  armature  3x3  cm. 
cross  section  of  the  cores 
are  circular  section,   2»5   in 
diameter. 
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Problem  12. 


The  magnet  shown   In  Fig*    41  is  loade  of  cast   Iront   dliaenslozt 
In   inches  as   shown.      The  ma/?net  will  exert  a  pull  of  1500  lbs. 
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Fig.   41. 

and  operates  on  a  220  volt  circuit.  Allowing  800  (m)  per  amp 
wliat  size  of  B*  &  S.  wire,  and  how  many  feet  of  it,  xmist  be 


used  in  winding  the  magnet? 
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Trot) lea  IS.  . 


The  electromagnet  shown  in  Fig*  42  is  made  of  wrought  lron« 
The  dimensions  as  shown,  in  inches.  Length  of  a  single  air  gap 
Is  .005  inches*  Determine  the  azzpere  turns  necessary,  when  the 


voltage  to  be  used  is  110,  current  .05,  Temp*  27.5  Seg«  C. 
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The  application  of   the  preceding  methods  and  principles 
can.       best  be   illiistrated     by  the  consideration  of  an  actual 

We  shall  therefore  consider  the  design  of  an  electromagnet 
ot      -tie  different  types  menti.  onad.      In  order  to  obtain  a  compari- 

9   the  magnetic  densities  and  max imuTn  pull,   as  well  as  the 
^«^xn.«f.  will  be  the  same   in  each  case. 


1^ 


'^Blgn  No.    1. 

An  electromagnet  of  the  horse-shoe  type  Is  to  stistaln 
200  lbs.   as  a  majcimum  load  and  is  to  be  magnetized  by  a  ctunrent 
«^   taken  from  mains  having  a  difference  of  potential  of  55  volts* 

Considering  the  entire  magnetic  circuit  to  be  made  of  cast 
steel t  from  a  B.   A:  H.   curve  of  cast  steel,  we  find  that  the 
"kc^st  economical  densities  to  var^'  between  10,000  and  15t000 
gausses  for  this  material. 

Asls^ume  a  density  of  say  11,000  gauaacia  ^rt  the  i>0lar  mr 

M 

.£aea^  and  ^fronr^ equation^  12,   page  ^,   vve  lave^* 

11,000*  X  A 
200   a     

11,163,460.97 

vlxenee, 

A  s  16«5  cm.,  or  for  a  single  pole  face,  the  area  1b, 

18.5 

A   s     

2  X  6.54 

1.42  sqtiare  inches- 

This  may  be  checked  by  referring   to  the  curve  on  page  7S. 

which  indicates  a  tractive  effort  of  70  lbs.  per  sq.   ln«  with 

a  density  of  11,000  gausses,  so  that  the  area  of  a  single  pel^ 

tace-wlll  be« 
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200 
70  X  2 


&r  1.42  square  inches  as  found  above. 


tr: 


This  area  corresponds  to  a  diameter  of  pole  face  of  a 
2e  less  than  1-3/8   inches. 


The 


cage  coefficient  for  a  magnet  of  this  type,  where 


con. 
neg 
1-2 


teel  is  worked  be"ov/  sataration  and  the  armature 


in 


ct  with  the  pole  faces,   would  bs  ;i.0.i.5,    a  vai.as  alrjost 
gible,    so  that  we   can  2:rl:3   the  d i 3zti:. t '. i-  -f    cno  c  jrnp   to  be 

inches  and  neglect  further  consa  :h^raticn  o.?.vJic;  IcakAce. 
^Assuming  a  length  of  core   of  2   irici;;^s   ar.d  a.'.i^/.'ing  5/8  of 
ch  forthe  depth  of  winding  and  insoJation,   n-e  f^vA  the 


diB^tcL-nce  between  centers  of  cores  to  be  as   follows,- 


2  X  1/2  the  dian.    of  each  core, 
2  X  the   thickness  of*.;,     .^-yinding, 
2  X  1/8"  projection  of  spool  ends. 
Space  between  spool  ends , 

•      Total, 


1-3/8   in* 

1-1/4   in. 

1/4    in. 

l/f)     !'./l. 

3    inches. 


The   armature  and  yoke  should  project. over  the  core   somewhat 
80  that  we  will  make  each  2   Inches   in  widths   and  assunin{^  a 
density  of  9,000  gausses   in  the  yoke  and  armature,  we  have  the 


thickness ,  - 


1.42  X  11,000  X  1.015 
9000  X  2 
.8808  inches,   say  7/8   inches. 


▼hich  ahonld  be  taken  for  the  . 
ness  of  the  armature  would  be, 


t'       = 


1.42  X  11,000 

9(  00  X  2 


since  the 


leakage  occurs  before   the  flux  crosses   the  air 


gap 


.837   ..nc'.:eB,   but  'vo   can  make   the 


.     dimension  the^same  as   the  yoke,   since  hcloa  nniftt-  ka^ 
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ature   to   receive   the  lifting  hook- 
Te  now  have  sufficient  data  to   enable  ub  to  make  a  ecale 
ir~BL.-vitnBt   which  shotad  always  be  done  at  this  Juncture,    in  order 
to       determine   the  lengths  of  the  paths  of  the  flux   in  the  dlffer- 
en -t      portions  of    the  magnetic   circuit,   and   further  to  bfl  able  to 
to  3.3.  whether  the  magnet  will  be  properly  proportioned  with 
f^^strd  to  appearance   to   the   eye-      Pig.    43  shows  such  a  drawing, 
»d  upon  the  dimensions     already  determined- 
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■Fig.    43. 

The  lengths  of  the  paths  of  the  flux  shoiad  now  be  raeasured 

•nd  we  can  then  proceed  with  the  calculation  of  the  magneto- 

Botlye  force        .  inecessary  In  the  windinsB,   as  follows. 

^r  the  two  cores  we  find  from  the  curve, 
B     =  11,000  gausses, 
H     =  17.5 

L      =  2  3C  2  X  2.54        =     10.16  cm. 
HL     ■=17.5x10.16       =     177.8  gilberts. 
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r 


\ 


\ 


the  yoke  and  armature* 


B 

H 

L 

BL 


9000  gausses*  for  which 

11.5, 

17.15  cm.    {frcm  drawing) 

11.5  X  17.15     ~       197.2  gilberts 


the  JoiBts  at  ends  of  cores, 


B   * 

H   ^ 


11,000, 

11.000 

.Oo7  om.    (aa&umed  as  a  value  for  the  two  Joints) 

-   11,000  X  .007     =        77  gUberts. 


Ing  up«  ve  have  for  the  entire  magnetic  circuit,- 

m 


fior  tjM  two  cores, 

?di*  the  yoke  and  aneature, 
Tor  the  Joints, 

Total  for  the  olroult, 

equation  19 »  page  71,  we  have. 


0 

177.6  jgilb^rts. 

7tS  " 


197. 


1 


Iff* 


45J3.;Ckgllbe4rts 


452 


Si 


1.2S7 


559.  S  noq^re  turns 


nth  a  depth  of  wading  of  5/e«  as 


,  the  mean  length 


of  one  turn  Is, 


(1.375  4  .625)  xfr 

6.25  inches,  and  frotai  equation 


(20),  page  75,  we  have, 


im)       s 


12  x  6.25  X  559. 5 
12  X  65 
40.6  circular  mils. 
The  nearest  sice  of  wire  Is  #  54  B.^A  8.  gauge,  which  has 
»  «ret#  section  of  S9.75   (b). 

■ 

Assuning  600  (m)  per  fgo^ere,  which  is  a  good  value  for 

eoilt  exposed  to  the  air*  the  current  will  be, 

39.75 
i  •      

800 


2:   .0496  amperes,  and  frcra  this 


•  I 
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the  nunaber  of   turns  may  be  found  by  dividing  the  ampere  tum« 
by  the  current 

359.5 


S         r=  — 

.0496 

rz         7,240  turns  on  the  two  spools  or 

3620  turns  per  spool.   Prom  table  1,  page  46,  v/e  find  that 

No.  34  d.c-c  B-  &  St  wire  has  a  diameter  of  .00515  inches. 

'fhe  number  of  turns  per  square  inch  will  then  be, 

1 
n    =.     ^ ;5 —   9   3762.,  so 

(.00515)" 
liat  the  area  needed  for  the  winding  on  one  spool  will  be,- 

3620 
A   s     -— 

3762 

s:  .963  square   inches,   which  checks 

ith  our  assumed  value  of  1.875     x  .5625  «      1«062,   which  comes 

rom  the  assimed  winding  space,   after  making  allowance  for  the 

insulation  at  the  bottom  and  ends  of  the  coil- 

The  total  length  of  v/ire   in  the  two  coils  will  be,- 

7,240  X  6.25 
==  ^3775  feet,  axil  from  aquation  IXt 

12 
page  51,   the  resistance  will  be, 

12  X  3775 
R       _  =      11,400  ohms, 

39.75 

which  will  allow  to  pass, 

55 

-• ^     .0485  amperes,  which  checks  with 

11,400 

th^  above  value  of  the  current  within  .001  ampere. 

The  radiating   area  of  the  two  coils  will  be,   considering 

radiation  to  take  place  from  the   cylindrical  aurfacc   cnly,- 

S        r2  1.875  X  2.625  x  2  xtt   =    31*4   sq. 
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and  the  watts  liberated  will   be,- 

TT  =  55  X  .0496  ^  2.66  vvatts,  and 
from  equation  13,  page  70,  the  rise  in  temperature  above  the 
air  will  be,- 

83  X  2.66 
T   2=- a-   7  degrees 

31.4 

0 

Centigrade  above  air.   Considering  the  air  to  be  20  C. ,  the 

0 

temperature  will  be  27     C. 

We  can  now  check  our  resistance,  knowing  the  exact  tem- 
perature at  which  the  coil   is   to  operate.      Prom  the  cur*^e  on 
Fig.    29,   page  56,  we  find  that  K     =        10.7   for  a  ^temperature 
of  27     C,    80  that  the  resistance  of   the  two   coils  at  this 
temperature  will  be,- 

3775  X  10.7 


^ ^^        -.    10,200   olims, 

39.75 


and  the  current  will  be, 

55 


ar  .0340  amperes,  which  is  but 

10,200 

sliglitly  in  excess  of  the  value  determined  above,  and  as  the 

difference  is  an  excess,  rather  than  a  value  below  that  neces* 

sary,  it  is  allov/able. 

The  weight  of  copper  in  the  magnet  will  be,- 

3775  X  .1203 


=3    .44  lbs. 

1000 

The  v/ei^ht  of  steel  in  th:  mannrt  ';ill  b*-.  ,- 

■n  2 

For  the  two  cores  w  =  2  x  :'.  x  (1-375)  x   x  .28 
166  pounds.. 

For  the  yoke  and  armature, 


100 


^klns  the  weight  of  steel  to   be  6.48  pounds,  and  the  weight 
^t  the  i^iagnet  complete  about  7  pounds* 

Assign  iro*    2. 

An  electromagnet  of  the  iron-clad  type  is  to  sustain  a 
^cinium  load  of  200  lbs.,  when  magnetized  by  a  current  taken 


fr 


mains  having  a  difference  of  potential  .    of  55  volts* 


^^> 


l\ 


For  piirposes  of  comparison  we  will  use  cast  steel  as  in 
#gn  Ho.  ly  working  at  the  aame  magnetic  density^  namely 
0  gausses  in  the  air  gap. 
Then  fro^  equation  12,  page  65,  v/e  have, 


200 


11000  X  A. 


11,183,460.97 


whence. 


18.5  cm.,  for  the  entire  poX* 


area,  and  the    area  of  one  pole  will  be^ 


18.5 
2  X  6.45 


1.42  sq. in 


suid  as   in  design  No.    1,   the  area  of  one  pole  being  1«42  sq^ln* 
the  diaijeter  of   the   core  of  the   iron  clad  magnet  will  be  l-s/s 

i 

a 

Inches. 

AsBuirinc  a  tVxicknoss  of  winding  Lpace  of  7/8  inches^  we 

can  calcula"*"^    t*.ir-5   t'i::.?j:r:i:sH  of  tl\^  out. er  shell,   which  will  be,- 

The    innvr  c..lrd:.'-cc.r    of  i/av:   J^'iieil  v/ill  be  1.375  4  1*75  •» 
3.12   in.    anu   ti.o  arei  of   th\B  ."..Ircl-j    is. 


31; 
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7,6  sq.in.      The  area  of  the 


circle  whoso  dlar:-eter  is  the  outside  diameter  of  the  magnet  is 


tlxen 


7.6    +   1.42       - 


9.02  3qr.ur3   inches,  and  the 
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di 


wh 
th 
derx 


ter  corresponding  to  this  area  is, 


9.02  X  4 


3.4    inches, 


is  about  as   thin  as  \70uld  be  c.7Lloviruble   in  a  magnet  of 
size*      The  yoke  and  arrature  are   sc  pi  op  ^rtioned  tha.t  the 
ty  in  these  parts   is  uniform.      From  the  di awing  of  the 
ty  and  a  knowledge  of  the  leakajge  coefficient,   which  l0 
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1.01  for  this  type,  we  have. 


Bo 
Ho 

Hol-o 


11.000  X  1.01*  or  11,120  gausses, 

18.1  for  this  latter  density* 
5.08  cm. 

13.1  X  5.08,  or  91.8  gilberts  for  the  coi^d 
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B  =  9000  X  i.Ol,  or  9,100  gausses, 

Hy  -  11.75, 

L  s  6.675  cm. 

^y  *  78.5  gilberts  for  the  yoke. 

Bj^  =  9,000, 

Hj^  s  11.6, 

L^  =  6 .  675 

«  76.75  gilberts  for  the  armature 


l?ix< 


Bx  =  11,000, 

Ha  «  11,000, 

L^  s  .007  for  the  two  air  gaps. 

^L^  •  .007  X  11,000  -  77  gilberts  for  the  air 

total  numberof  gilberts  will  then  be^ 
91.8  i  78.5   ♦  76.75  ^77.0  *  324.05,   and  the  ampere 

8  will  be, 

S24.05 

^ -—         s       267.9  ampere  tume* 

1.257 

Having  detennined  the  requisite  niffliber  of  anpere   turns,  v/e 

can  now  proceed  to  the  calculation  of  the  current,  Jcnowing 

the  current  density  which  should  be  used   in  an  iron  clad  magnet, 

and  then  check  up  the  space   required  for  the  winding;  with  that 

assumed* 

With  a  depth  of  v/indinrr  and   insulation  as   shown j   the  mean 

length  of  a  turn  sis  6.7   inches,   and  from  equation  2  0,  page  75, 

12  X  6  7  X  254 


(m)        -         

12  X  55 


«       31.0 
The  nearest  size  of  wire  is     Ho*   35  B.  A  S.   which  has  a 
cross  section  of  31.53    (m)  • 
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Asstming  750   (m)  per  ampere,   the  current  will  then  be, 

31.53 

■=»     .0'122  amperes,  and  the  number  of 

750 
■t\sg.x~ms  must  tlien  be,- 

257.9 
=r  6625   turns. 

.0422 
We  find  that  4109  turns  of  d.cc.  #  35  B.  &  S.   wire  will 

^jLx:i.^l   in  one  square   inch,   so   that   the  cross  sectional  area 

recjT-aired  for  our  winding  will  be, 

6625 
^  1.614  square   inches*     We  have 

4109 


pr^o-vided  a  space  of  2  x  .875  -     1.75  sq.    in.    for     winding  and 
Irxsxilation,   which  will  be   sufficient,    the  coil  being  simply 
tsc-i>ed  ouid  slipped   into  the  space  after  winding,  witho^it  being 
X>X€tced  on  a  spool. 


The  resistance  of  the  v/inding  v/ill  be, 

il2  X  6.7  X  6625 

^^~- ^  13130  olins  at  a  temperature  of 

12  X  31.55 

*^   C,  which  allows  for  a  rise  of  20  degrees  above  the  air. 

Checlcing  the  current  value,  we  have, 

\  55 

i  =? =f     .042  amperes,  which  checks  with 

13130 


the  value  previously  determined. 

The  watts  lost   in  the  winding  will  then  be, 

Tf    s  55  X   .042        ^  2.31  watts. 

The  total  external  radiating  surface  of  the  magnet  is, 

3.375  "  X   X  2 
S*   -      — *  3.375  x,Tx  2 

^     17.9  *  21-0  =r  38.9  sqixare  inches. 
The  temperature  of  the  outer  surface  above  the  air  will  be. 
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13.13  'i    20  =^  33.13  degrees  C^^  which  is   In 

close  accord  v/lth   the  value  used  in  choosing  the  resistance 

per  mil  foot. 

riie  \;eir:::.t  of  copper  will  be,- 
So25  X   :.7  ::   .094 


=r         .326  lbs. 

12  ;:  1030 

It   is  ripr.arent  that    tiie       weight  of  both  the   iron  and 
^^Prer   in  this  E.agnet   is  less   tliar*   in  the  horse-shoe   type,  and 
^if2  efficiency  greater,   as  well  as  being  iron  clad  and  of  more 

^^Pact  foru,   all  of  wiiich  favor  this  type  for  the  given 
conditions. 

peslgn  ITo.    3. 

It   is  required  to     design  a  magnetic  clutch  to  transmit  20 
iiorsepov/er  at  a  speed  of  400  r   .p.m.,  v;ith  its  magxietizing  coll 
energized  by  a  current  tqken  from  mains  having  a  dii^ffrence  of 
potential  of  55  volts;    factor  of  safety  3;    coefficient  of 
friction,    .17;    clutch  to  be  mads  of  high  grade  gray  cast   iron* 

Pron  the  curve  of  the  bes*:   oi^'ot   iron,    vie  find  the  upper 
liiait  of  density  to  be  about  3000  gc.\3bo'S,   and  we  will  use  this 
density   in  order  to  make   the  clxitch  a.:   .light  a^*  Dossible. 

Pron  the  curve   on  page   "3,  \:2   line'    the  puj.l  r^er  sq.  in*    for 
a  density  of  8000  gausses   to  be  37  lbs*   per  sq.    in*,   and  assum- 
ing a  :nean  radius  of  10.5   inches    ==      .875  feet,  we  have  from 
equation  3428,  page  88, 

20  X  5252  X  S 


37  X    -875  X  400  x   .17 


146  square  in:ihes  for  the  area  of 


tlie  two  poles,  or  73  square  inches  for  each  pole. 
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AsBxaming  a  windJUig  space  of  1  square   inch,    tiie  outer  radius 
of  the   Inner  nole  will  be  10  Inches,   and  the  area  of  the  entire 
circle  of  this   radius  v/ill  be,- 

10"  X      7T         -        314-1  square   inches.      The  area  of 
tl:e  pole  nust  bo  73  sq.    in.,    so  that    the  area  of   the  circle 
witliin  ti3   inner  polo  \7ill  b  e  314.1  -  73    =     241.1  sq.    in.,   and 
the  radius   of  t::is  circle  v/ill  be,- 


241 


' cr  8.75   inches,    tiae  radius  of 

V        Tf 

the  inner  pole.     Similarly,    the  outer  radius  of  the  clutch  may 
be  detenained.     The   inner  radius  of  the  outer  pcle  will  be 

10.5    +      .5      =  11   inches,   and  the  area  of   its  circle  will 

2 
be  11     X    fj     =     360.1  sqtiare   inches,    aacl  since    tiie  area  -of  the 

outer  pole  nust  also  be  75  sq.    in.,    the  outer  radius  of   the 
clutch  v;lll   be  that  of  a  circle  v/hose  area  is  380*1  -V    73       ss 

r  4'5T 

453.1  square   inches,  and  the  radius      ..    — ^^-     ^      12  inches* 


'ilTe  can  now  make  a  scale  drawing  of  ihe  clutch,   and 
ascertain  the  moan  lengths  of  the  paths  of  the  magnetic  flux- 
Fig.   45   is  a  full  size  drawing  of  the  -^rorkinR  section  of  the 
clutch* 

Assuming  a  leakage  coefficient  of  1.01,   the  magnetic 
density   in  the  yoke  r-ndpoles  v^ill    be,- 

E  -        30C0  X  101  =     8080  gausses,   and 

from  the  curve  of  gray  cast  iron,  H  for  the  density  is  39.2;   and 

< 

from  the  drawing  we  find  the  length  of  -flie  path  in  this  portion 
of  the  circuit  to  be, 

L  12.6  cm.,    so    tlu-t 

HL         12.6  X  39.2         492  gilberts   for  yoke  and  poles. 
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For  the  armature » 

B  .-=  8000  gauBsee,  for  which 

H  =  36.3,  and 

L  -  7.2  cm.  whence, 

HL  =  36.3  X  7.2    261  gilberts  for  the  armature 


■^.XN^   N>  0.  N-   ^ 


^ :  3  >..^v-o 


rig.  45. 

Aasuming  the  length  of  a  single  air  gap  to  be  .001 
length  of  a  double  air  gap  In  cm.  will  be, 
L  =     .001  X  2  X  2.54  -5     .00508  cm. 
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B   ^      8000, 
H  =^     8000,    so   that 
HL   =    8000  X  .00508   =^    40.64  gilberts  for  the  air  gaps* 

Siaairaing  up,   v/e  have,   492  -^  261   b     40.64     t  =:        793.64,   the 

total  nvsiiber  of  gilberts   forthe  xnagnetic  circuit,   and  the  ampere 

turns  w  ill  be 

793.64 

"^ .  632  axopere  turns* 

1.257 

Assuming   tlxat  the  clutch  v/ill  operate  at  a  t^toperature  of 
35     C,    tlie  value  of  K  froci  the  curve  on  pafie  56,    is  11  ohzas 
per  mil  foot»   and  the  mean  length  of  one  turn  of  wire   is, 

L»   =^     10.5  X  /    X  2      ^    38   Inches,    and  from  equasion  20, 
pftfie  75  we  have   for  the  size  of  v:ire, 

11  X  66  X  632 
(n)  :=         - 

12  X  55 

s    694  (m) ,  and  the  nearest  size  is 
Ho*  22  B.  jft   S.  having  a  cross  section  of  645  (m)  • 

Assuming  a  current  density  of  680  (m)  per  ampere,  we  have 
for  the  current, 

643 

.i  a   ^•^•^.p-    sr    ,946  amperes,  and  the  number  of 

680 

turns  required  will  be, 

632 

=r     670  turns. 
«946 

Referring  to  Table  1,  we  f  tad  that  No.    22  wire  v/ill  wind  876.3 

« 

turns  per  square  inch,  so  that  the  space  required  will  be, 

670 

-r  .768  sc;.in. 

876.3 
Allowing  lAe  inch  en  each  side  of  the  coil  for  insialation 

we  have  a  winding;  area  of  .875  x  .875   ~       .766  sq.    in.,  which 
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wH  H-    accommodate   the  required  amotint  of  winding* 

Th«  lenetii  of  wire  v/ill  be, 

670  X  66 

L  rr  1-:   5^690  f cet ,  and  from  equation  11,  page 

12 

5l»     the  resistance  vvill  be, 

11  X  3960 
R  =2 sr  68.15  ohms,  and  checking  the  current 

643 
\iC  2navc, 

55 

i  ^       — •  5=    .804  amperes,  which  is   .14  below 

68.15 
the  value  foimd  above,  due  to  the  fact  that  a  s4e  of  viro  haying 
a  cross  section  of  694  (m)  is  not  available*  This  value  of 
the  current  will  probably  be  increased    somewhat,  after  a 
correction  for  the  tenperature  lias  been  made,  since  a  rather 
high  vrorking  temperature  has  been  assumed. 

The  energy  liberated  in  the  winding  will  be  55  x  .804  ^  48 
watts.  The  entire  outer  radiating  surface  of  the  clutch  is 

S  .-=-  24  X77  X  3.25  +  21  x  ,r  X  7 
^  244  +  462  •-  706  square  inches. 

The  peripheral  velocity  of  the  radiating  area  of-  the  clutch 

V 

is 

21  X  ir  X  400 

V  s-    — —     is      2200  feet  per  minute,  and  its 

12 

rapid  motion  v;ill  increase   its  radiating  coefficient  to    .0232, 
so  tliat  the  ten^rature  of  the  outside  above  the  air  will  be, 

48 

^»  s    ». — *-*        =  2.94     C,  above  the  air, 

.0232  X  706 

The  averaf-^  thickness  of  the   iron  jacket  is  1.125  inches,  and 

the  area. of  the  coil  is  4  Jc  ;7-  x  21    '=r  56  4  square  iriCh^s,   then 

rroffi  equation  26,   page  79,   we  have  for   V\k   ten^ieratnre  of  the 
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Mil, 


3.44  X  48  X  1.125 
264  +    706 


•t-     2.94 


.19-^    2.94   ^    3.13  degrees 


Centigrade,   and  the  temperature  will  be  20 -f  3.13=     23.13     C, 
for  which  the  corresponding  value   of  K  Is  10.48  ohns  per  mil 4 


foot. 


Checking  hthe  resistance  for  this  new  temperature,  vre  have. 


R   = 


10.48  X  3960 


643 


64.8  ohms,   and  the  current  which 


will  flow  will  be,- 


1    = 


55 
64.8 


,85  ariperes,   vdiich  Is  still' 


trifle  below  the  required  value  as  found  above,   but  since  v/e         ' 

4 

have  asJ3umed  a  factor  of  safety  of  3,   a  difference  of  this 
amoiint  would  hardly  be  appreciable.      However,   it   it   is  desired 
to  have  the  actual   current   .946  amperes,    it  may  be  obtained  by 
using  two   sizes  of  wire   in  the  coil,   such  that  their  combined 
resistance  will  be  equivalent  to    the  resistance  of  such  a  v;ire  * 
as  would  have         .the  cross  section  given  by  equation     20,  page     * 


75 1   namely  694    (m)  • 
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99.tf3  efficiency. 
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Tliose  carlnr:   to  study   the  subject  further  Bho^^lfi   consult 
j^Yie    "f  ollowinr:  articles  on  electronagnets  and  allied  subjects. 


Ca^^choff,  E.R. 


jering,  Carl 


On  the  Design  of  Electro-:::aG.iets  for 
Specific  duty.  Elec  "^.Id.  Vols.  22  and  23 
A  straif^ht  Line  Proportion  in  the  Law  of 

ft 

the  Electromagnet.    }:'lec.   7/ld.    Vol.    23. 


Eutchinson,    C.T.  On  the  Design  of  Electro -magnets   for 


Marvin,  H.K. 


Specific  Duty,  Elec-  "^Id.  Vol.  23. 

The  Electric  Percussion  Drill  in  Theory  and 

Practice,  Trans. A. I.E. E.  Vol.  9» 


The  Holden  Magnetic  Clutch, 

London  Elec.  Vol.  35- 
Goldsboroueh,  W.E.  Elec.  Wld.  Vols.  29  and  36. 
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PART  III. 

THE  DESIGIT  OP  RBSISTA3TCES,  RHEOSTATS 
AKD  ELECTRIC  HEATING  APPARATUS. 

The  operation  of  nearly  |ill  apparatus  for  the  production 
or  utilization  of  electric  currents  by  electromagnetic  Inductior 
and  reaction  between  conductors  and  magnetic  fields  of  force, 
Involves  at  one  or  more  points  in  the  system,  the  use  of  rheo- 
stats or  other  devices  by  which  variable  resistances  may  be 
inserted  in  the  circuit  and  controlled  either  automatically 
or  by  hand. 

The  design  of  such  auxiliary  apparatus  is  therefore  import- 
ant as  in  it  in  itself  determines  to  a  certain  extent  the 
efficiency  and  operation  of  the  system  as  a  whole «   The  more 
coicmon  materials  used  for  resistance  are  German  silver  and 
iron  wires,  the  latter  usually  given  a  coating  by  galvanizing. 
Some  materials  less  commonly  used  are  aluminum,  copper,  carbon, 
water,  and  tlie  alloys  of  platinum  and  manganese  which  are  usual- 
ly used  in  Instrument  work  on  account  of  their  low  temperature 
coefficients.  Primarily,  the  design  of  a  resistance  or  rheostat 
depends  upon  the  calculations  based  upon  the  dimensions  and 
physical  properties  of  the  material  selected* 

Before  taJclng  up  the  consideration  of  the  practical  details 
which  govern  the  selection  of  material  and  me^ods  of  construc- 
tion, we  will  consider  the  metbods  of  calculation  simply.  *Vhere 
the  requirements  of  the  service  do  not  demand  extremely  accurate 
design,  the  method  of  calcxilation  given  on  page  26  may  be  used« 
There  greater  accuracy  is  desired,  as  is  the  c^se  of  instrument9 
and  sensitive  regulating  devices,  the  followljig  metbsd,  which 
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is  a  modification  proposed  by  Mr.   Rennerfelt,   should  be  usnd 
(  See  Filec   Wld.   Volume  23,  page  241  •) 

For  any  form  of  croBS-section  of  conductor  used  for  a 
resistance  v/e  have. 


P      ^     fflv'^c  (30) 

where,   F  •  the  perimeter  of  cross  section  of  conrluctor 

X  =  the  area  of  cross  section  of  conductor  in  sq.  in. 

m  TT  a  cons  tant  dependinf^  upon  the  form  of  cross 
section. 

Por  a  square  m  n  4;  for  a  circle,  m  :r  ^Jtt     ,  which  is  the 

BQallest  value  wo  can  have  for  m  for  any  cross  section^  and  for 

this  reason,  and  the  convenience  in  manufacture,  circular  con-* 

cuctor  is  most  ali^ays  used,  except  for  some  special  reason,  such 

as  securing  a  greater  proportion  of  radiating  area  to  cross 

section  and  current  cajjacity,  in  which  case  rectangular  or 

corrugated  conductor  is  used. 

For  any  form  of  cross  section  where  m  is  known,  we  have, 

S  ^   py  (31) 

rr   ym  X  (32) 


=r   f  i^  R  (33) 


^Yiere, 


S  =^   the  surface  of  the  conductor  in  sq.  in.,  not 
including  the  ends, 

y  -r      the  length  of  the  conductor  in  inches. 

f  -   the  ntmber  of  sq.  in.  for  each  watt  radiated. 


Ihen,- 


y^T^  -    ^  A  (34) 

and  we  may  write  the  resistancf,- 

R  ^      --.  Kt  (35) 
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•e  K*  "In  t/iis  case   la  the  specific  resistajice  of  tho  material 
oyed,  and.  may  be  calculated  as   follows;-  Tlie  JCfttthiesaftn 


.raials   for  the   resistance  of  a  conductor  is,- 


K 


f      — 


K"    (1  r   at  +  bt   ) 


(36) 


t     is  the  temperature  in  degrees  CentiRrade, 
K"    is  the  specific  resistance  of  the  snbBtance 
at  0°  C. 

'v^^  values  of  the  conetants  K"  and  a  and  b  are  given  in  the 

tollowing  table. 


TABLE  XIV. 

• 

■ 

Material 

K» 

a 

bv 

(J* roan  e liver, 

. 0000090 

.00044 

.000000132 

Iron> 

. 0000040 

. 00480 

. 000001260 

Aluminum, 

. 0000013 

. 00380 

. 000001260 

Copper, 

.00000065 

.00380 

. 000001260 

These  constants  give  the  resistances  in  '  B.A.Ohma  '>  ^^nd 
the  result  must  be  multiplied  by  1.014  to  reduce  it  to 
• Internat  ional  Ohms  * . 

Combining  equations  34  and  35,  we  have^- 


ym 


fi^  R 


2  y 


whence, - 
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in 


which  gives  expressions  for  the  area  of  cross  section  of  con- 
ductor* 

To  determine  the  length  of  conductor,  we  en  place   in 


equation  34, 


R 


which  comes  from  equation  35,  and  gives,* 
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7^ 
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(40)  . 


as  the  length  of  the  conductor  in  terms  of  current, 
cross  section  and  resistance*   In  a  similar  manner  we  may 
express  the  weight  of  conductor  as,- 
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wlileh.  we  get  by  subetltutlnK  the  values  of  x  ani  v  from  •«.— -^^ 
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38    ind  40  and  where , 

W  ~       the  total  weight  of  the  conductor  in  lbs. 
8  ^       weight  per  cubic   inch  of  material  of  conductor* 
The  above  forms   the  basie  of  the  method  of  calculat^jLoni 
but  as  the   formulae  resiolting  would  be  cumbersome  for  frequent 
use,    there   is  given  in  Table  .    XV  a  tabulation  of  most  of  the 
values   involved  and  which  may  be       substituted  in  the  above 
expressions* 


Temp 

.  60®  C.,1400  ?. 

TABLE  XV. 

100®  C,  212®  P. 

ISO® 

.orii3 

*>  .  •<•  - 

.0102 

jC.,  302®  P. 

.0210 
.0173 
.0117 
. 00936 

47.66  .000440 

57-03  .ooorfy 
85. &0  .ocoi:;.;' 

103.8  .OyKZ^o 

.0211   47.77  .00^4 '6 

i.OlQ-.'   e.L.i^''.  '>00:'.;'V. 

.oir.c  i:i;-5  .ocooosb 

4..  0^  .0C0/?52 

rb.:)4  ,0r'v.>i63 
3 v. 7 7  .C 00105 

The  firet  line  g?.ves  valuec  for  German  silver,    for  which 
8    ^    .SOe;    the   soccnd  line   is  for   iron,    for  which  s—     •278;    the 
third  line  gives  values   for  aluminxun,   for  which  s    -    .OOS;   the 
fourth  line   in  the  table  is  for  copper,    for  which  the  value 
of  8    is    .320. 

TABLE  XVI. 


.76       1.00 


Sq.    In. 

per  watt     .50     . .67 

Watts  per 

sq.    in.      2.00     1.50     1.33     11.00 
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.63        .763      .826     1.00 
sj   f    J     -397      .582      .681     1.00 


3r— SN? 


1.53     1.50  1.66     2.00     2.60 

.75        .67  .60       .50        .40 

1.251  1.31  1.402  1.587  1.842 

1.468  1.72  1.966-2.52     3.393 
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Shape  of 
sfifitlon-Olrele    Sq. 


rs 


.430    .397 


23rl 
.382 


TABLE  XVII. 


3x1     4x1     5x1     fixl     7x1     8x1     10x1-12x1 
.361   .342   .326    .313   .301   .291   .274   .261 


w 


.185    .158   .146    .130   .117    .106  .098    . 0908. 08'l-8. 0763. 068 


In  ease  it  be  desirable  to  arrange  the  circuit  so  as  to 
place  two  or  more  conductors  in  parallel*  the  calctilation  is 
modified  in  this  particular,  that  if  there  are  n  conductors  in 
parallel,  the  value  of  m  is   n  times  as  great  as  the  value  of 
m  for  a  single  one  of  the  conductors •  Hence  in  Table  XVII  we 


must  multiply  the  values  of  ^-n   by 


of 


11 


12 


**2 

m 


by 


— *^  and  the  values 
n 


If  two  conductors  are  >Bed  in  place 


of  one,  and  under  the  same  conditions  otherwise  with  respect  to 
radiation  from  surface,  then  the  total  cross  section  will  be 


reduced  to 


79  X  ft^  the  weight  to 


63  X* 


Tith  three  conductors  in  plaoe  of  one,  the  cross  section  is 
reduced  to  60  X  aid  the  weight  to  46  X* 

"Vhile  this  may  result  in  less   cost  of  material,  the 
increased  cost  of  construction  may  bmore  than  compensate »  and 
the  two  poipts  should  be  considered  w  ith  reference  to  each  other 

For  very  large  resistances,  the  cost  of  materials  practical 
ly  prohibits  the  use  of  any  other  material  than  iron,  except  it 
be  carbon,  water  or  an  alloy  composed  largely  of  iron# 
Bft8i0tance  made  of  east  iron  in  the  fonn  of  grids  are  largely 


used  in  thethis  country  where  high  current  capacity  is  dei;irod« 
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Carbon  and  most  alloya  have  a  reslBtance  so     variable  with 
any  Blight  variation  In  composition,    that  calculations  for  their 
use  can  only  be  made  when  based  upon  experimental  data  from 
samples   of  the  material  to  be  used. 

For  water  resistance,    thathe  following  data  give  results 
which  are  sufficio:i':ly  correct  for  work  where  the  use  of  a  water 
resistcmce   is  permissible. 

The  values  given  in  Table  XVIII  are  for  a  cross  section 
one  foot  sqioare  and  one  foot  in  length- 

TABL3  VXVIII. 

7atert      (hydrant)  approximately  100.00  ofams 

•       with  .25  f  salt  (by  weight)                                       7.84        •• 

"             "      .48  X       "•  ^-SS        •• 

»             »      .70^       ••  3.12        ^ 


"      .93  % 

R 

2^38 

"  1.16  X 

n 

1.90 

"   1.39  f 

n 

1.48 

"      .174  ^ 

eommarcial  8t:ilphurlc  acid, 

4.12 

"      .437  % 

n                            «                    n 

1.75 

"      .724  fo 

n                       N                 It 

1.10 

"      .  985  )b 

N                          n                  « 

#85 

Having  the  general  method  of  calculation  developed,   Xt  is 
neceasftry  to  consider  the  practical  concllticriS   .vh\ch  Jiry  modify 
tha   design.     Most  rasistcnco  mci>t  Ye    ^o:\^\\rx  tc  !     v   i:^   tr.^ns   in 
such,  a   KLanner  r.s,tc  8wiai'.   cf  th^ii"  b;:  ir-- .   •./..//'•rn   :'.:•. t:>  nr   a-.it  of 
the   clrcu.Lt   ono  at  h.  tiuo,    ris  c j.r'ri:'2;7;.;..'y.^^  nv    r-  cvlru. 

Tlie  number  of   buch  sections   in  -ay  uin  recifc;tar:5e  depends 
upon   tlie  purpose  for  which  it   is   intended,    the  voltage  of  the 
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Circuit  in  which  it  i<  to  be  placedi  aid  the  voixme  of  current 
which  is  to  pass  through  it,  having  direct  influence  upon  the 
ntoaber  and  character  of  the  contacts  or  terminals  for  the 
sections. 

Por  rheostats  and  resistances  for  ordinary  direct  current 
dynamos  and  motor  work,  the  number  of  sections  may  be  determined 
from  Table  XIX,  which  represents  clor;3ly  averago  Amerlca.1 
practice  and  provides  a  sufficient  number  of  contacts  to  prevent 


undue  sparking 


TABLE  XIX. 


.  n  ^2  H.P.  8  for  110  volt  motors- 

pi  =  2  H.P.  10  for  220  vn\t  motors. 

n  ===  2  H.P.  16  for  500  vo'.^'  motors, 

n  »  3  H*P.  20  for  dyncmc:  of  all  voltages* 

DATA  FOR  SURI^ACS  OP  COITTACTS. 
If  n  be  the  number  of  contacts,  then  for  convenience  in 
connectingi  there  must  be  n  <-  1  sections  in  the  reslstcisc?. 
Tlie  least. area  of  surface  which  should  be  exposed  to  or.e  det  of 
brushes  by  each  contact  mey  be  determined  by  use  of  Tabla  XX, 
but  in  many  cases  there  should  be  provided  a  greater  area  than 
there  indicated,  in  order  to  present  sufficient  surface  and 
material  for  mechanical  strength  and  to  stand  the  w^ar*  The 
contacts  may  ^prcfer'^^bl/  be  made  of  phosphor  bronze. 
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TABLE  XX. 

Kind  of  Contact.  Anqperes  per  sq.   in. 

Copper  brush,  150  to  200 

Carbon  binahi  30  to     50 

Copper  on  copper,  60  to  100 

Brass  on  brass,  40  to     75 

Copper  screwed  to  copper,  100  to  200 

Copper  screwed  to  brass,  60  to  160 

There  are  various  methods  of  supporting  the  reslstaice  In 
the  rheostat,  which  in  all  cases  must  be  absolutely  fire 
proof.     Perhaps  the  most  cosmon  method  Is   to  coil  the  wire  into 
spirals,  which  is  an  inexpensive  method  but  not  at  ai:i economical 
of  space.     IThere   this  method  is  employed,   the  coils  should  have 
between  them  a  space  of  3A6   inches  for  110  and  220  volt  cir* 
cults  anA  I/4  inche     for  500  volt  circuits*     The  d:lameter  of  the 
coll  flhould  vary  with  the  size  of  the  wire  used,   andmay  be 
determined  approximately  from  the  equation, « 

—  10  times  the  diameter 


1100 

of  the  wire.  (42) 

where  d  is  the  diameter  of  the  coil  in  inches. 

From  equation  42  the  length  of  the  wire  is  known  and  from 
the  following  eqiution   (43)   the  length  of  the  spiral  coil  may 
be  calculated. 

y 

L'         tz  (43) 

TT  d  S» 

Hhere, 

1*        the  length  of  the  .  **  spiral  in  inches. 

S'        the  number  of   turns  in  the  spiral  per  inch,  which 


.     !/s 
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depends  upon  the  size  of  v;ire  used  and  shoula  be  such,  that 
when  the  spiral   is  stretched   In  position  there  nlll  b«  about   .1 
in.  between  each  turn.     IThen  such  a  spiral  coil  la  used  it  nay 
be  divided   into   sections  and  each  end  of  a  section  secured 
through  a  porcelain  bushing   to  an  end  plate,  v;hich  sho'ild  be 
carefully  designedt    sines  with  larg.j  coll'^   the  combined  tension 
exerted  by  them  is   often  very  siv3.i.      Oii-e  oLould  be  taken  to 
bring  a  uniform  pressure  upon    chi  p.-.- ::.ii^i;i  cr  there  will  likely 
be  a  fracture,   resulting  in  a  tf-'-'J^i'"'-  on    jJia   rheostat   frame. 

Another  conveniont  lEath-j-t  o:"  icMLatf^ing  is  to  place         the 
r«sl8tajice  wire  in  a  continuous  cx>\.:'a.l,   tu  which  leads  are 
tapped,  and  which  Is  wound       ~  ■lji,(i\  and  forth  over  large  grooved 
porcelain  insulators,   strung  on  rods  at         alther  and  of  the 
rheosifit  f''ame. 

A'thi'.-'i  iicthod,  and  one  often  used,  aspeolally  for  rectangu- 
lar conductor,  consists  in  winding  the  reslstanda  upon  a  frame 
such  as  is  Indicated  in  Fig. 46. 
Vlth  this  constructionf   for  small 
wire  or  strip  conductor,   the  dls- 
tanca     places  are  usually  woiuxd 
with  asbestos  paper  and  are  of 
su<^  size  that  the  distance 
betveen  the  surface  of  the  conduc* 
Pijg.   46.  tors  :?roir  layer  to  layer  is  from 

l/s  ta  X/Z  inches.     Than  thaia  ccncl^tlons  are  obsarvad»    &• 
fallowing  equations  ndll  apply  for  the  calculation  of  th«  spaea 
jr»qulrad  for  the  resistance  wire 

(Let  c    =      th^   r:'il?.Ai;e  Vif'tv^een    tte  'sorters   of  the  wires   In 

adj. .■;.-.-';  *'.iivr:.*3    i~i    ir.ch^!;,   wiioh    ic  equal   to   the 
■!.h.:;\:u;.i.:-   -li   cn^  -vu-h   j,iu  s    Cci'i  did'-,anc.s  between 
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n  ^    the  number  of  tvirns  per  raidradial  layer. 

Ln  -  the  length  of  a  sids  of  the  inside  t\irn  inches,  and 
may  be  assxaned  some  convenient  distance. 

L^  =  the  length  of  a  side  of  the  outside  turn  in  inches. 

L.  s=  the  length  of  a  mean  turn  in  inches. 

b  sr  the  number  of  radial  layers,  or  the  number  of  turns 
in  an  axial  layer* 

S»  ^  The  total  n\jmber  of  turns  in  the  rheostat. 

y  ^  the  length  of  the  wire  in  the  rheostat  in  inches* 


Then,^ 


-f  L^   •  3L^C+  2,25  c^  (44) 


Lj  =  4Li  -  6c  +  4  en  (45) 


Lg  -  Lj^ 


n  -=  — 

2c 


+  1  (46) 


The  *1V being  added   in  equation  46  to  take  in  the  first  layer. 


8^  ^    bn  sr  b 


iz-J-i      .1  ,^„ 


2c 


*  'J 


y  «r  S»  X  Lg  (48) 

Another  method  of  moimting  ribbon  conductor  In  a  rheostat 
is  to  wind  it  spirally  v/ith  a  narrow  strip  of  asbestos  paper  so 
as  to  cover  about  one-half  of  its  surface,  and  then  wind  the 
covered  conductor  into  a  flat  roll  and  place  it  In  a  proper 
frame  to  receive  and  support  it.   In  this  case  the  radiating 
surface  is  confined  to  the  uncovered  edges  of  the  wiro  and  the 

outer  surface  of  the  outside  turn,  owin,^  to  tlie  Tact  that  the 

,1 

most  of  the  fiat  surface   is  covered  by  the   inBiAlabrx^  s3trip. 

A  method  ^ich  is  largely  used  at  the    or&scit  time   In  the 
construction  of  street  railway  motor  etertiis  re3lfitE.nccs,    is 
to  wind  Qerman  silver  wire  upon  aubestos  tubas  about  one   <w^^ 
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in  diaitoeter  and  one  foot  long*   After  winding  the  tubes  are 
Dashed  flat  and  bent  Into  a  V  shaped  section  about  1.25  Inches 
wide  with  a  dupi-esslon  of  about  .25  inches,  and  a  foot  long  as 
before.   These  are  stacked  one  on  the  other  with  nica  insulation 
between  and  held  firmly  together  in  packs  about  six  inches  high, 
in  a  suitable  frame »   Thepacks  are  placed  so  that  radiation  can 
take  place  from  their  exterior  surfaces,  as  in  the  case  of  the 
flat  rolls  referred  to  above* 

It  is  well  known  that  an  insulated  wire  suspended  in  air 
will  carry  a  current  of  given  value  at  a  lower  temperature  than 
the  same  wire  without  the  covering,  other  conditions  remaining 
the  same.   By  covering  the  insulation  with  a  metal  coating^  or 
by  placing  a  fir  b  coll  of  wire  between  sheets  of  mica  and 
clamping  metal  sheats  ove::\thc5se,  the  radiating  cai)aclty  of  the 
wire  is  increased  and  consequently  the  current  carrying  capacity 
at  a  given  tezap^.rature. 

There  ara  several  special  forms  of  rheostats  which  consist 
of  a  resistance  burled  in  a  non-conducting  enamel  or  cement,  in 
such  a  manner  as  to  entirely  confine  the  resistance  wire  in  its 
position,  whatever  the  temperature,  and  at  the  same  tine  afford 
a  large  radiating  surface^ 

The  enamel  is  of  special  manufacture  and  encases  the  wire 
so  as  to  insulate  it  from  the  cast  iron  radiating  plate«  The 
Injurious  effects  of  linear  expansign  of  the  resistance  wire 
with  increased  temperature  are  avoided  by  the  zigzag  form  into 
which  the  vrlre  is   bert.  By  this  neati  s  the  expansion  is  so  dis- 
tributed ar  zo   not  crack  tas  *-;nanel. 

By  inbeiulug  \:r.z   wires  in  en&^el  both  the  cross  section 
and  the  length  of  wire  required  for  a  rheostat  of  given  capacity 
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l8  greatly  djmlxifilked»  and  the  mechanical  strength  of  the  wire 
need  not  be  conjiidered>  since  the  wire  Is  supported  on  all 
B Ides . 

For  continuous  service,  from  8  to  10  watts  caui  be  radiated 
per  square  Inch  of  resistance  wire  surface  without  difficulty, 
and  under  special  conditions  as  high  as  20  watts  per  square 
inch  can  be  continuously  radiated. 

The  following  may  be  said  of  this  form  of  rheostat*- 
1.   It  is  absolutely  fire-proof,  and  is  never  subjected  in 
practice  to  a  temperature  so  high  as  t£at  to  which  it  is 
subjected  in  the  process  of  manufacture^ 

2#   It  is  durable,  since  the  wires  can  not  deteriorate  from 
oxidation,  electrolysis,  etc. 

S»   It  requires  less  than  5  per  cent  of  the  cubic  space  requir** 
ed  by  the  ordinary  coiled  wire  rheostat  of  the  same  capacity* 
4*   It  is  cheap,  for  a  certain  resistance  any  carrying  Capacity 
can  be  obtained  by  the  use  of  a  wire  whose  cross  section  and 

■ 

length  will  both  be  but  one  tenth  of  that  required  tor  a  wire 

» 

used  in  air. 

An  enamel  is  best  defined  as  a  vitreous  substance  fused  to 
a  metal lo  surface.  Chemically,  enamels  consist  of  easily  fused 
salts,  such  as  the  silicates  and  borates  of  sod luin,  potass Iuol 
aad  lead,  to  which  various  metallc  oxides  are  added  when  it  is 

« 

desired  to  laqpart  color  to  the  eiiamel.     These  varieties  of 
glapSB  are  pulverized,  made  into  a  paste  which  is  spread  over 
the  surface  to  be   Incrusted  and  exposed  to  a  moderate  temper^* 

s 

ture   in  a  muffle  heated  in  an  epamelin^s  furnace.     Th#^  vltreoW 

■ 

•ubstanee  soon  becemee  sufficiently  fluid  to  8r>r*eR<!l   itself  bVey 
the  metallc  surface,   to  which  it  closely  adheres.     The  metal       . 
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surfaces  are  previously  cleaned  with  dilute  sulphuric  acid. 
Paris'  composition  for  enamel  consists  of  130  parts  of 
broken  flint  glass,  20.5  parts  of  carbonate  of  sodiiun  and  12 
parts  of  boracic  acid. 


I 


ir»  c 


*  \ 


i 


^WtR^ 


E  NAf^/fl- 


mSSSSffi5ffi33^2ESrosSSE^^    J^)S.- 


>R  /  b  r^' 


i 


m 


.    «7. 


1 


In  das 


an  enajMl  rhtostatt  the  relation  between  the 
temperature  developed  in  t^e  rheostat  and  the  energy  to  be 
llberAted  can  be  determined  as  follows:* 
Let     T   =    The  temperature  of  the  wire  above  the  tenq^erature  of 


h^ 


T«« 


the  air  in  degrees  C. 

The  temperature  of  the  outside  surface  of  the  enamel 
above  the  temperature  of  thdalr  in  decrees  C. 

The  temperature  of  the  surface  of  contact  between  the 
enamel  and  the  cast  iron  radiating  plate  above  the  air 
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in  degrees  0 


T  -  The  temperature  of  the  outside  surface  of  the  cast  '^^ 
iron  radiating  plate  above  the  air  in  degrees  C. 


►' .' 


A^-=  The  area  in  sq.  in.  of  the  wire. 
c 

^0^  The  area  In  sq.  im''  of  the  outside  or  exposed  surface 
of  the  enamel* 

e  ^  The  area  in  sq.  in.   of  the  surface  of  contact  between 
the  enamel  and  the  cast  iron  radiating  plate. 

A|.-  The  area  in  sq*  in;  of  the  outside  or  exposed  surface 
of  the  cast  iron  radiating:  plate. 

B^-  The  average  distance  in  inches  between  the  surface  of 
the  wire  and  the  outside  surface  of  the  enamel. 

Das  The  average  distance  in  inches  between  the  surface  of 
the  wire  and  the*  surface  of  contact  between  the  enamel 
and  the  cast  iron  radiating  plate. 

D  -^  The  average  distance  in  inches  between  the  outer  and 
^   inner  surfaces  of  the  cast  iron  radiating  plate. 

Vj.  ^  The  energy  expressed  in  watts  that  is  liberated  from 
the  outside  surface  of  the  cast  iron  radiating  plate » 

TTq       The  energy  expressed  in  watts  that  is  liberated  from 
the  outside  surface  of  the  enamel 


Then ,  • 


83  X  W^ 


(49) 


83  X  ▼ 
and,-  T^  5=     t—  (50) 

*r 

94  X  W  X  D^ 
A^  +  Ae 


\ 


*   T^l- 


r 


94  X  ¥j.  X  D^         1.18  X  1^  X  ))j 

•••--'•"•••■•-—-  —  -  +   ---——-—---.---— 

Ac     Ae  A^  +   Ap     (58) 

The  total  amoiant  of  energy  liberated  froa  the  r^'olii- 
tance  wire  is  equal  to  Wq  +  W,.,  and  the  relative  anoimt  of  heat 
liberated  from  the  enamel  and  radiating  plate  may  be  detemlned 
as  follows.* 
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Assume  that  10  or  12  watte  aroiO^lberated  per  square  Inch  of 
area  of  the  resistance  wire.  I£ake  A^.  «  4  A^  .,  and  approxl 
mating  the  percentage  of  the  energy  v/hlch  will  be  llberAted  from 
the  radiating  plate,  usually  about  80  %y   decide  upon  the  allow- 
able value  of  Tj.  and  solve  for  A^.  and  A^  ,  assuming  that  •OXZ 
watts  v/111  be  radiated  per  equare  inch  per  degree  rise  In  tem- 
perature. Now  approximate  the  values  of  Dq,  B^,  D^  and  Ac* 
Usually  A0  9  Aq  and  D^s  2D^  .  The  values  of  T^  cajiinow  be 
solved  for  by  both  eqxiations  51  and  52,  and  if  the  values 
obtained  by  the  tv/o  equations  are  not  the  samei  the  values  of 
some  of  13ie  assumptions  must  be  altered,  preferably?)^  and  P^ 
should  be  varied  until  T^  is  given  the  same  by  both  equations* 
Then  since,* 

A^  •  27rrl.  X  12,  (5S) 

TThere, 

r  -^  the  radius  in  inches  and  , 

L  9     the  length  in  feet  of  the  wire  and  since, 

L  X  K»k  .7854 
R    r    • ^ ^^« —   ohms  (54) 

7r  r^  X  1000000 

1000000  x/T'x  r^  X  R 
and,  L    * — .••^•.— ^— .  feet 

K»  X  .7854         (56) 

therefore,  2000000  xff-^  x  R  x  r^  x  12 

(66) 

•7854  X  K«  C 

Kq  X  K*  X  .  7864 
fr«tt  whlob)  r        •       /.--.——«—.p— ——.«.«  (57) 

2000000  X  It  X  12  x/r 
and  8I906  A^  ani  Rr  %r%  knoim>  the  X«ngt2i  %  of  the  wire  le 

readily  found. 

■  ^i   .i 

The  enamel  should  be  made  as  thin  as  is  conaistent  with 
strength  owing  to  its  low  radiating  coefficient,  ani  the  cast 
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iron  plate 9  by  means  of  corrui;:;ated  surfaces  or  ribs,  should  be 
given  as  large  a  radiating  surface  as  tlie  general  liinitat  ion? 
of  tiae  desi/5n  will  adKit, 

ELECTRIC  HMTERS.   ^ 

Electrical  methods  of  heating  can  not  be  used  with  profit 
except  power  be  very  cheap  and  in  special  cases  as  in  electric 
cars,  tin  shops,  laundries,  restaurants,  etc,  where  the  condi- 
tions are  favorable  to  this,  more  than  to  «y  other  method  of 
heating*  Such  conditions  are  becoming  more  common,  and  as  t.he 
system  is  one  of  greatest  efficiency  of  distribution  of  heat, 
it  is  therefore  one  of  considerable  and  growing  lioportance* 

in  general,  there  are  foxir  conditions  to  be  observed  in 

m 

this   .class  of  work*- 

The  apparatus  must  be  thoroughly  ins^olated  and  ab.solut 
fire-proof. 

The  temperature  of  the  conductor  must  be  kept  well  below 
a  value  at  which  oxidation  or  crystallization  is  likely  to  occur. 

A  radiating  s surface  must  be  provided  depending  upon^  and 
sufficient  for  the  purpose  of  theapparasus. 

/  The  proper  resistance  for  the  voltage  to  be  employad  rnwnt 

i' 

be  obtained* 

At  present,  the  most  luiportant  application  of  tlie  electric 
heater,  aside  from  electric  welding  and  forging,  is  in  electric 
railwqr  work  and  data  will  be  given  later  on  which  may  be  based 

ft 

designs  for  this  particialar  class  of  v/ork. 

Iron  vrire  oxidises  at  about  900^  P»   and  'therefore  should 

not  be  heat^^d  t:  a  "1:  ^irr '^  r:.i vc.re  exc^eedlng  400^  P. 
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One  British  Thermal  Unit   is  eq^ial  to  1047  watts,  an4  if  the 
heat  radiated  from  the  occupants  of  a  car  or  room  is  to  be  taken 
into  acceVditt    it  should  b6  reciembered  that  an  average  person 
radiates  heat  at  the  rate  of  .053  B.T.U.   per  second. 

An  ordinary  Z4  ft*   car  under  average  conditionB  requires  a 
radiation  of*  12  B.T.U.  per  second  within  the  car  to  keep  the 
temperature  inside  the  ear  1^  7.  above  that  of  the  outside  air, 
and  a  ptroportiosalliicrease  in  the  radiated  heat  as  the  volume 
of  the  car  or  the  difference  of  tcisperatufe  between  the  outeide 
air  and  that  within  the  ear  is  increased*     7his  applies  when  the 
doors  are  olosed  promptly  and  there  is  no  considerable  wind 
blowings 

Aeoordiag  to  J.9.ItcXlroy,   the  radiation  of  10    R«T«U«  per 
second  is  sufficient  to  properly  heat  a  34  ft*  car  in  the  cold-^ 
est  weatte  r  and  the  radiation  required  can  be  increased  propor- 
tionally as  the  voXuve  of  the  car- 

Iron  w^re  is  best  adapted  for  use  in  the  construction  of 
heaters  on  aeeount  of  its    cheapness  end  high  teiq^erature 
ceeffietentt  whioh^should  free  redlAtion  be  interrupted i  will 
jijiereaee  the  resistance  of  th^  wire  eufficientXy  to  c^it  Aown 
the  current  and  maintain  the  tec^erature  of  the  heater  within 
a  safe  value*     In  Fig.  48  le  given  a  eet  of  curves  plotted  from 
nqperlaental  data  frcn  teste  of  a  commex^oial  tester  and  exhibit- 
ing the  principle  just  referred  to. 

thB  Ilea  tar  wms  cut  Into  the  circuit  and  lt«  tano^yatttfa 

t 

b«8«n    at  anee  to  ri«o,  as  indicated  by  the  curve  of  teiapera^ 
turt  and  time- 

After  being  allowed  to  rxoi  48  minutes,  the  opening*  In 
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in  the  base  were  covered  with  asbectos  cloth  and  after  operating 

43  minutes   in  this   condition,    the  cloth.  v;as  rcEioved.      Readings 
ot  tiiae,   temperature  and  current  v/ere    iaken       and  are  shown  in 
\    tJie  two  curves.      It  v/ill     be  observed  t3iat   the  ordinates   of  the 
oxirrent  curve  B  are  approximately   inversely  proportional  to  the 


i   <^ 


"«linates  of  the  temperature  curve  A.   This  variation  is  due  to 

change  of  resistance  v/ith  change  of  temperature  in  iron  wire. 

* 

As  a  guide  to  the  designer,  a  discussion  of  the  methods 
oons true t ion  of  some  of  the  best  knov/n  forms  of  commercial 
,ters  is  given  on  the  follov/ing  pages. 

THE  BURTON  ELECTRIC  CAR  HEATER. 


/ 


ir»- 


i^^ 


Oermain  silver  wire  is  bent  into  a  zigzag  form  and  placed 
a  hollow   pace  between  two  castings.  The  space  between  the 
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castings   is  filled  with 
powdered  fire-clay  to 
prevent  the  wire  from 
being  oxidized  ajid  from 
coming  in  contact  with 
the   iron  portions.     5Ehe 
iron  castings  are  made 
with  a  rough  exterior  to 
increase  the  radiation 


of  heat. 


Pig.   48- 


THE  "WHITTINGHAM  ELECTRIC^ ^AR  HEATER- 
This  heater  is  composed  of-  wrought  iron  pipes  running  t 
•full  J eng-th.  of  the      jMLr-^rf  either  side,   the  ends  fitted  tcf 
suitable  castings       Each  pipe  contains  a  coil  of  iron  restij- 

m 

tance  wire,  enclosed  in  a  heat  conducting^  insulating  tube. 
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and  both  the  plpa  and  the  tube  are  packed  with  pure  silica- 
The  current  capacity  is  3  amperes  on  250  volts,  or  750  watts* 
5000  watts  can  be  liberated  by  the  heater  without     '  injury. 
In  use  on  a  500  volt  circuit,  two  heaters  are  connected  in 
series* 

CONSOLIDATED  CAR  HEATING  CO«S  HSATER. 
Jn  the  construction  of  this  heater,  cylindricKil   porcelain 
tubes  provided  with  a  spiral  groove  on  thsir  surface,  are 
slipped  on  a  5/8  inch  square  iron  rod,  and  a  porcelain  diic  is 
placed  at  each  end  of  the  heater.   A  #20  B.ft  S.  galvanized 

iron  wire  is  wound  in  the  spiral  groove. 

THE  "JfHITTINCJHAJ^  ELECTRIC  CAR  HEATER.  '2- 

The  Whittinghfiun  Co's  second  heater  consists  of  twelve 
wrought  iron  tubes  one  inch  in  diameter  and  six  feet  long,  hav- 
ing a  total  radiating  surface  of  2592  square  inches.   Eajh  tube 
contains  three  strands  of  #20  B.&  S.  German  silver  wire,  twisted 
together  and  inserted  in  a  lA  inch  glass  tube,  the  \:hol'=t   being 
filled  with  clean  sand*   This   heater  has  a  low  teriperattire 
coefficient  and  permits  a  constant  current  to  flcv/  undsr  fi  wide 
difference  of  temperature,  and  does  not  show  the  self-reg^alating 

qualities  so  noticeable  in  iron  wire  heaters- 

•-^ 

In  connection  with  this  discussion  of  electric  heaters,  it 
is  interesting  to  note  that  a  bank  of  incandescent  lamps,  taking 
the  same  power,  give  the  same  heating  effect  as  an  ordinary  wire 
heater.  They  are  identical  with  th^  heater  in  every  respect,  so 
far  as  experimental  results  show,  etcr;pt  tliat  they  give  light 
also,  and  perhaps  a  better  diffusion  of  heat. 

The  foregoing  principles  laid  io^m   for  the  design  of  heat- 
ers and  resistances  will  be  applied  ir  a  number  of  designs 
fovind  on  the  following  pages. 
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Design  No.   4. 

It   l8  required  to  dQslgn  a  rheostat  to  be  used  In  starting 

« 

a  3  H.P. ,   500  volt  motor,    the  efficiency  of  the  motor  at  full 
load  being  82  X- 

The  normal  current  of  the  motor  Is,- 

3  X  746 
-•^     -     5.46  amperes^ 

500  X   .82 

so  that  if  double  the  normal  current  be  allowed  to  flow  at 

starting,    the  maximum  starting  current  will  be  10.92  amperes. 

The  total  resistance  of  the  rheostat  must  then  be,- 

500 
R  s:    ^^^^^  =         45.8  ohms. 

10.92 
Prom  Table  XIX,   page  118,  we  find   that  the  required  number 
of  contacts   is,-^ 

n      =  2JT+  15  -     16.17, 

say  18  contacts,   and  the  required  area  of  each  contact  from 
Table  XX,   page  119,   using  copper  on  copper,  will  be,*»* 

10-92 


— •"         .156   sq.    in. 

70 

It  is  readily  seen  that  this  is  not  sufficient  fvr  mechanical 

strength  or  durability,  so  we  will  provide  a  contact  l-lA**  x 

3/8*  X  l/e^'.   " 

'If  Oerman  silver  wire  be  used  as  the  resistance,  and  as«- 

siming  a  moderate  radiation  of  say  1  watt  per  sq^iare  inch  at    ^ 

100^  C,  the  dimenalcns  will  be  as  follows,- 

From  equation  38,  page  114,  the  cross  section  is,- 

X  s  1.00  X  .000446  X  .43  x  10.92  x  2.22 

;:r  .004208  sq.  inches. 
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t 

B.   ft  S.   wire  havinc  a  crosfj  section  of  6530   (la)  • 
Prom  equation  40,   page  114,    the  length  of  conductor  will  be,- 

y    -    1.0  X  47.37  x  .43  x  10.92  x  45,8  x  2^22 
■r-    22,615.6   inches, 

-  1884  ft,   7.8   Inches,   axiC  from  equation  41,  page 
114,    the  welRht  of  conductor  will  be,- 

H  :=     .306  X    .004208  x  22,515.8 

^   29.12  lbs.,  which  at  40  /  per  pound,  gives  a  cos' 
;  of  material     of  Oll*65,  v/hich  is  prohibitive  for  ordinary  com- 

■ 

■ 

:      merclal  work,  making  the  rheostat  too  expensive,  so  the  reels* 

i      tance  must  be  made  of  Iron. 

i 

Case  2. 

With  iron  wire  we  have  from  equation  38,  page  114,    the 
length  to  be, 

X  ^     1.00  X   .000329  X   »4S  X  10.92  X  2.22 
r?     .003105  sqviare  inches » 
-    a  #  14  TIT  ft  M  wire  which  has  6400  (m) . 
Prom  equation  40,  page  114,   the  length  of  conductor  will  be^f 

y    -    1.0  X  55.12  X   .43  x  10.92  x  45.8  X  2.22 
~     26,315.8   Inches, 
r;    2192  ft.    11.8   inches. 
The  weight  will  then  be,   from  equation  41,  page  114. 

7  s:  ^278  X  .003195  X  26315*8 

^   34«41  lbs.,  which  at  5  i^  per  potmd     costs  $1*72, 
showing  a  saving;  of  $9.93,   as  compared  with  aeman  silver.     The 
wel^t  of  conductor  Is  still  considerable  and  may  be  reduced  by 
xusing  special  rectangular  conductor  which  will  probably  not 
Increase  the  total  cost,  although  the  cost  per  poiuid  will  be 
slightly  Increased. 
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Case  3* 

With  rectangular  conductor  of  iron  with  proportions  of 
sides  of  12  to  1,  v/e  have  from  equaoicn  iiB,  page  114. 

X  ==   1.0  X  .coor.2^  X  .^.ei  x  lo  02  x  2.22 

=:     .OC2S5!5   pcpjar^    irch.ea^    %-hlc.rx  wCl  require   a 
cross  section  of  ditnenslons    .IS^b  x     Ci54   inches. 
Prom  equation  40,   page  114,    the   length  of  conductor  required 
will  be, 

y   s     1.0  X  55.12  x-261  X  10.92  x  45*8  x  2.22 

■ 

T    15,973.1  inches, 

•=    1331  feet   . 
Prt>m  equation  41,   page  114,    the  v/elght  will  be, 

W  :r  .278  X  .002855  x  15973.1 

=:    12.67  lbs.  ,   v/hich  at  a  cost  of  8  /  per  pound  will 
cost  $1.01  and   reduces  both  the  cost  and  weight  to  as  low  a 
limit  as  seems  possible  without   the    introduction  of  complica- 
tions which  would  over-baianc&   the   reduced  v/eight. 

The  winding  may  be   supported   in  a  fraire  as   indicated  in 
Pig.    46,   and  assunins  e.  lencth  of   inside   turn  of  8   inches,   ot 
2   inches   for  the  length  of  one  side  of  an  inside  turn,   and  19 
tunis  per  layer,  we  have   from  equation  44,  Page  122,   for  the 
cross  section. 


15973  X  1                    «             3x2            2.25  x  1 
Lp^f— +      2^ + 

^      ''         19  X  8  8  64 

10.4,  say  10.5  inches  for  the  mean  length  of 
one  side.   The  number  of  radial  layers  will  then  be,  from  equa- 
tion 46,  page  122, 

:       (10.5  -  2) 

n  = f   1 

2  X  .125 
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34  radial  layers* 
From   oquatlon  47,  pago  122,  the  number  of  turne  S*  will  bet- 
s'  *  19  X  34  *  646  turns  t  and  from  eq\xation  45, 
page  122,  the  length  of  a  mean  turn  will  be,- 

L,   =  (4  X  2)  -  (6  X  .125)  ^     (4  X  34  X  .125) 
o 

^     24*25    inches. 
The  length  of  a  single  layer,    if  l/s  inch  is  allowed 
hm  -fc^vreen  turns,  \7ill  be, 

(18  X   .125)   -h    (19  X  .1845)      -   5-75   inches. 
Thus  there  must  be  provided  a  space  of  11  x  11   inches  x  6 
8  for  winding  the  resistance,    to  which,  at  equidistant 
P^  ^..zits  are  tapped  2  0  leads  to  the  contacts  on  the  face  of  the 
rtx^ostat. 


D*^  ^£n  Mo.   5- 

It  is  required  to  design  a  heater  for  an  18  foot  car,  to 

1D^  \3.8ed  on  a  600  volt  circuit,  which  under  avarage  conditions 

<VUl  maintain  the  temperature  of  the  car  as  high  as  66^  P., 

when  the  temperature  outside  is  not  lower  thai  ?.0^P. 

From  the  data  on  page  130,  we  find  that  the  radiation 

required  will  be  (65  -  10)  .12  ^  66  B.T.U.  per  second  for  a 

24  ft.  cart  so  we  will  say  4.5  B«T*U.  for  the  18  ft  •  car  In 

this  case^ 

The  number  of  watts  will  then  be  4*5  x  1047  -  4711. 5  watts 

This  requires  a  maximum  current  off 

4711.5 

ll       a •     9*42  anqperes  with  no  pas* 

5  00 
sengers. 

Supposing  the  car  to  contain  50  pasj^i^ngers,  caus:.ng  a  I'ttdiatlea 

of  50  X  .053  ^     2.65  B.T.U.  per  second.     This  condition  requirel 
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that  the  heater  ehall  transform  but,<- 

(4-5  •  2.65)  X  1047  =  1936.95  wattB. 

This  corresponds  to  a  saving  of,- 

4711.5  -  1936.95 

• -  3*7  H«P.  which  may  be  used  in 

746 
carrying  the  load  when  it  is  greatest,  if  means  of  cutting  off 

the  current  be  provided.  This  gives  a  saving  of  about  76  d  per 


hour,  for  a  system  using  triple  expansion,  slow  speed,  condens- 
ing engines  with  coal  at  $2.00  per  ton.   The  current  may  be 


cut  down  by  placing  the  resistance  in  four  heaters,  which  can 

be    thrown  across  the  circuity  either  in  parallel,  series 

parallel,  or  all  in  series  by  meajis  of  a  simply  switch*  Sach 

heater  must  radiate  a  maximum  when  all  are  in  parallel  of  ,- 

4711.5 

=•  1177.9  watts,  and  each  must  pass  a 

4 
current  of, 

1177.9 

=  2.35  amperes. 

500 

This  corresponds  to  a  resistance  of  212.8  ohms,  and  the  dimen- 
sions of  the  galvanized  iron  resistance  conductor  may  be  calcu- 
lated precisely  as  indicated  in  the  p'^evious  examples. 
Heaters  in  parallel,  current  ^  2.35  amperes.  Vatts  »  4711«5 
^  "    "  series-par' X  "    =  1.175   "        "a  1175.9 
"    •  aeries       "    «  .588   *       •   »  294.0 
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Those  desiring  to  study  further  the  subjects  treated  in 
this  chapter  nay  consult  the  following  books  and  articles** 


Carpenter,  G.E 
Dawson,  P. 
Kennelly,  A.E. 


McElroy,  J. P. 


Hennerfelt,  G. 


A  new  Rheostat*  Trans.  A*  I.  H*  E.  Vol.  IX. 
L'Eclairge  Electrique,  Vol.  IV.  p. 446. 
Some  measurements  of  the  temperature  varia- 
tion in  Electrical  Resistance  of  a  sample 
of  Copper.  Proceedings  Elec  Congress, 
Chicago,  1898% 

Car  Heating  By  Electricity.  Elac.Tirid.  Vol* 
3DCVI. 

Formulae  for  Resistance  Coils,  SlecWld- 
Vol.  33. 


Electric  Heat  from  Isolated  Plants,   Elec World,  Vol.  XXIII 
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PART   IV. 


I  THE  DESIGN  OP  DIRECT  CURRENT  CONST AITT  POTENTIAL  IttNAMOS. 

* 

The  purpose  of  this  chapter  is  to  present  a  systematic 
method  of  dynamo  design  which  will  represent  Axierican  practice, 
and  while  based  primarily  upon  data  derived  from  machines  met 
with  in  actual  practice,  will  still  include  the  underlying 
principles  of  the  subject  to  such  an  extent  that,  by  following 
the  methods  given,  it  v/ill  be  possible  for  the  student  to  carry 
out  the  design  of  machines  of  mors  radical  types* 

The  engineer,  when  dealing  v/ith  the  design  of  a  dynamo  or 
motor,  has  before  him  a  far  different  problem  than  has  the  pure- 
ly  theoretical  student,  as  it  is  liis  duty  to  produce  a  machine, 

9 

which   at  a  minimum  cost,  weight  and  speed,  shall  have  a 

maximum  efficiency  and  fndurability. 

All  of  those  f-;atur^.s,  ho.vever  desirable  each  may  be  in 
itself,  cannot  be  s^cu^^^d  in  ^r.y  one  machine,  and  therefore  a 
completed  design  is  Lha  r':i?ult  of  a  sciMwB  of  judicious  compro- 
mises not  comprehende:?  by  a:Ty  genei-^^j.  theory  v;hich  can  be  stated 
in  definite  mathematical  teriao,  as  is  the  case  in  the  solution 
of  a  purely  mathematical  probl-^m. 

Before  entering  upon  the  calculations  of  the  dimensions  of 
the  parts  of  a  generator  or  uotor  of  given  capacity,  preliminary 
assumptions  of  the  v.^r.uej  of  s-. v^rcJ,  fun^'iajncntal  q-^jiantities  must 
be  made,  and  upon  th'5  jud^  rrie-nl:  -"^^worcirid  ir?  the  selection  of 
the  values  used,  depends  to  a  rreat  ezceut  the  value  of  the 
design. 

Having  given  the  capacity  of  the  machine  and  the 
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requirements  of  the  service  to  which  it  is  to  be  adapted »  we 
xnust  next  decide  lapon:-^ 

1.  The  type  pf  xoachlne  best  suited  to  the  requirements 
of  the  service  it  is  to  render* 

2.  The  speed  at  which  It  shoiild  be  operated. 

3.  The  peripheral  velocity  of  the  arr»ture  conductors. 
4*   The  magnetic  density  to  be  used  In  the  air  gap. 

5.  The  proportion  of  the  surface  of  the  armature  to  be 
covered  by  the  poles. 

6.  The  p<.riii;.otrlo'j  t  r-^se  of  tempeiature  of  the  artnature 
and  xl3Ld'<  abcve  that  of  the  air. 

7*   The  magnetic  materials  to  be  used  in  the  different 
parts- 

TOien  a  machine  of  very  &nall  power  is  desired,  a  high 
speed  is  not  objectionable,  the  bipol.v-r  type  possesses  the 
advantage  of  cheap  cons tnact ion,  in  viov;  of  the  Bimplicity  of 
the  frame  and  the  compact  form  of  the  armature.   The  high  speed 
machiref;  of  larger  capacity  are  now  axweys  made  of  the  multi^ 
polar  type,  owing  to  the  ease  with  which  ring  armatures  may  be 
ventilated  and  the  small  auDunt  of  material  and  space  required 
for  their  frames* 

HHiere  high  speed  machines  are  not  desirable,  on  account 
of  their  high  belt  velocities,  excessive  wear  and  Increased 
coat  of  maintenance,  slow  speed,  belt  driven  multipolar  types 
are  coimnon. 

TfhBTB   the  amount  of  space  occupied  becomes  a  matter  of 
importance,  and  a  high  efficiency  is  desired,  the  direct 
connected,  multipolar  machines  are  best  advipted. 

For  purpoees  of  classification,  diract  current  machinery 
may  be  divided  into  three  classes,- 
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TABLE  TUCI. 
HIGH  SPEED  EILTTiO  lOY^TAI^IOS. 
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Capacity 
In  K.T. 

1 
2 
3 

10 

15 
20 

SO 
40 
60 

80 
100 
150 

200 
250 
300 

350 
400 
450 

500 
560 
600 


Revoluti-: 
mlnlxDum 

%s  T)or  Eilnute. 

maxtmum 

1400 
1250 
1170 

2000 
1750 
15C0 

2800 
2460 
2200 

1050 
960 
900 

1300 
1160 
1070 

1S50 
1770 
1650 

800 
740 
660 

940 
870 
770 

1450 
1320 
1110 

620 
590 
540 

730 
675 
595 

975 
850 
700 

495 
460 

435 

545 
500 
470 

625 
570 
520 

410 
380 
360 

435 
405 
380 

475 
440 
410 

335 
317 
300 

355 
330 

310 

380 

350 
325 

High  speed  belt  driven  generators  and  motors. 

Slow  speed  belt  driven  generators  and  motors* 

Direct  connected  generators  and  motors. 

The  present  practice,  as  rega'^ds  the  speeds  at  which  these 
machines  should  be  operated,  Ib  eLihrr:.c3d  within  the  limits 
specified  in  Tables  XXI,  XXII  and  XT-rill.  ,  v;hloh  are  based  upon 
the  speeds  of  the  machliB  s  of  the  soveral  classes  manufactured 
In  this  country  at  tlie  rrci^zr.it   time. 


No  belt  driven  iracniiied  are  built  in  capacities  exceeding 
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TABLE  XXII. 
LO?  SPEED  EKl?1xD  DY1^T/J£0S 

vapaclty  Pevolut-xon';  per  minute 

m  K.Tf.  n 

1 

2 

5 

10 

15       .  » 

20 

30 
40 
60 

80 
100 
150 

200 
250 
300 

350 
400 
450 

500 
550 
600 


nim-um 

ti.an 

raximi 

700 
670 
640 

1000 
950 
900 

1400 
3£fO 
1170 

610 
580 
550 

820 
750 
710 

1050 
960 
900 

510 

480 
460 

650 
600 
555 

800 
740 
660 

450 
440 
420 

540 
525 

485 

620 

590 
540 

395 
380 
360 

455 
425 
400 

495 
460 

435 

345 
325 
310 

380 
355 
340 

410 
380 
360 

295 
285 
276 

320 
302 
287 

335 
317 
300 

conditions. 

Direct  connected  units  are  built  by  several  compaa  ies  with 
outputs  in  excess  of  those  given  in  the  tables  and  as  low  as 

The  introduction  of  the  steam  turbine  into  electric  statiorr 
bids  fair  to  bring  e.bout  an  increase  in  the  speed  of  direct 
connected  units  cf  lar^-i  capacity,  bu*:  as  yet  li*ctle  data  are 
obtainable  on  -^Jliis  cla^^?  of  iuPAjhinee. 

The  relation  between  the  output  and  the  nianber  of  poles 
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TABLE  XXIII. 


DIRECT  C0M30TLD  DYNATIOS 


Oapac  ity 
in  K.  W. 

5 
10 

15 


20 

25 

30 

40 
50 
70 

100 
150 
200 

250 
300 
350 

400 
500 
600 

700 

800 

1000 

1200 
1400 
1600 


Revolm  ?.oi:s  per;  mjnute 


nlinxrai 

x.^'M.iy 

Toaxim 

400 
340 

305 

500 
400 
365 

48C 
415 

270 
250 
230 

340 
325 
315 

385 
370 

355 

200 

175 
140 

295 
200 

255 

340 

325 
310 

120 
110 
100 

235 
210 
180 

290 
250 
230 

92 
86 
80 

166 
138 
125 

206 
180 
160 

76 
70 
66 

115 

104 
96 

140 
124 
112 

62 
60 
59 

92 

88 
82 

105 

100 

92 

58 
56 
55 

79 
77 

76 

88 
86 
84 

that  may  wall  be  used  In  conformity  with  present  practice  Ir 
given  in  Table  XXIV.   It  will  be  luderstood  that  these  values 
may  be  departed  from  somewhat,  If  necessary ^  in  order  to  secure 
a  more  desirable  proportion  of  armature  core* 

The  limits  within  which  present  practice  restricts  the 
peripheral  velocity  of  the  conductors  on  the  arinatui'e  ere  given 
In  Table  XXV,  and  there  is  no  limitation^  relation  or  ccnnoction 
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TABLE  XXIV, 

KKLATIOir  OP  CAPACITY  TO  TH3  KUICBER  OP  POLES, 
of  poles*  Class  Output  in  K.TT, 


2 

4 
6 

4 
6 

4 
6 
8 
10 
12 
14 
16 


High  speed  belted 

If       n       N 


n 


Low  Speed  belted 

n     n       It 


Direct  Connected 

n  n 


n 
It 
It 

n 

It 


N 
It 
It 
It 


0 

to 

80 

0 

to 

600 

60 

to 

800 

0 

to 

600 

15 

to 

600 

0 

to 

30 

15 

to 

400 

90 

to 

400 

200 

to 

900 

300 

to 

1800 

600 

to 

2200 

800 

to 

2600 

TABLE  XXV. 
PHRIPHERAL  VELOCITIES  OP  DIRECT  CURBEHT  MACHIICRS- 


ClasB  of  dynamo 

Bipolar  high  speed  belted 
Multipolar  high  speed  belted 
Multipolar  low  speed  belted 
Direct  connected 


Peripheral  Velocity 
minimum     mean    megclmum 


2000 

3000 

3500 

3500 

4000 

5500 

2000 

2800 

3500 
3000^ 

1500 

2200 

•^t 


between  :he  output  of  the  ii«aJiine8  and  the  peripheral  velocities 
of  their  conductors  within  these  limits.   In  general^  it  is 
advisable  to  ftelect  a  value  near  the  mean  value  for  the  particu- 
lar class  under  consideration,  as  this  will  give  values  v/hich 
will  conform  closely  with  those  used  in  ^e  majority  of  commer- 
.  cial  machines. 

In  selecting  the* values  of  the  air  gap  densities,  the 
designer  must  again  be  guided  by  present  practice,  which  gives 
valiaes  found  to  give  the  best  results  under  different  conditions. 


Owing  to  the  fact  that  the  magnetic  quality  of  commercial  irons 
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has  been  greatly  improved  within  the  last  few  years,   especially 
in  the   introduction  of  steel   castJnf^:,  machines  are  ncv/  depisiied 
with  considerably  higher  flvix      iensitles   than  forrjor?y,   and  the 
values  given  in  Table  XXVI,   althou{;ii  higlier  than   thocce  usually 
quoted,   conform  to  present  usage.      I:i,  fact,    the  values  g.iven  may 
^^  regarded  as  a  conservative   estimate  of   the  average   densities 
«4ipioyed,  and  when  the  best  coinraercial   irons  are  avai.Xable,   or 
**trenie  lightness  is  desired,  even  higher  densities  raay  be  usedt 


TABLE  XXVI. 
AVERAGE  AIR  GAP  DKTSITIES  I3Sr  GAUSSES. 


ixv 


ity 


soo 


Bipolar  Machines 
Cast  iron         Steel  "or 
poles  Wrt.   poles 


2700 
2900 
3000 

3400 
3600 


4200 
4300 
4500 

5000 
5500 
5900 


Multipolar  Machines. 
Cast Tr on     Steel  or 
poles     T7rt.  poles 


3400 
36C0 
3800 

4300 

46C0 
5000 

5600 
5800 
63V.0 

6G00 
'''iOO 
8000 


5000 
5200 
5500 

6300 
5800 
7500 
7900 
7900 
8500 
9000 

9500 
10000 
IICOO 


/ 


The  values  given  in  Table  X^CVI  rofer  particularly  to  the 
n  types   of  lighting   generators  j    r&-i.i;;/r.y  ^^-^rbracris  and 
rs.      TTliei'e   the  machine    ic   to  bt    dt.cr.rrr.^d    fox'   tl<5ctroxytic 
,   values   abouc  4,5  /'■>   less   tha?'^.  1.1x0  .'s?    .5iv:n,    kih^uil  be 
oyfjd.      It  j:.hould  be   fu:"'.h.:r  horn'H   ir.  tt u '\    [r,i„t    c^rtf^  densi- 
•^   giver   in  the   tabi.^j   ref3:'  to   tl-:.   we^az*^^  v^.. .ne   j-    the   ilux 
^^^sity   in  tlie   air  cap  vfithout  regard   tc    tlie  bu:')chinG  of   the 
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lines  which  occurs  when  toothed  armature  cores  are  used,  or  the 
distortion  of  the  field  in  the  air  gap  which  takes  place  when 
the  zoachine  is  loaded. 

In  deciding  upon  the  average  magnetic  density  to  be  used 
in  the  armature  cores,  the  field  cores  and  the  yoke,  reference 
must  be  had  to  the  data  which  shcv/s  the  magnetic  q-'oality  of  the 
iron  to  be  used  in  these  different  parts.   In  general,  the 
magnetic  density  in  the  armature  core  should  be  taken  at  a 
point  below  the  knee  of  the  curve  in  the  first  assunption; 
this  admits  of  a  slight  change  for  adjustment  in  subsequent 
asstooptions,  and  since  this  is  the  portion  of  the  magnetic 
circuit  in  which  the  flux  is  reversed,  producing  a  loss  by 
hysteresis,  the  density  should  be  kept  as  low  as  is  practicable, 
since  this  loss  increases  approximately  with  the  square  of  the 
density* 

The  magnetic  density  in  the  field  cores  is  usually  carried 
to  a  point  slightly  above  the  knee  of  the  curve,  well  up  to  the 
point  of  saturation,  on  account  of  the  saving  in  the  amount  of 
copper  lased  in  the  field  winding  by  decreasing  the  dianeter  of 
the  field  spools  and  to  insure  a  better  ref^iilation  of  the 
machine,  due  to  the  fact  that  above  the  knee  of  the  curve,  the 
flux  increases  approximately  in  proportion  to  the  increased 
values  of  H.  T71th  high  densities  in  the  field  cores,  the 
distribution  of  the  flux  under  conditions  of  full  load  is 
better  mai'jitained,  owing  to  the  iaoi-ease3  rc"i ucxance  of  the 
magnetic  path  through  tho  polos.   The  densities  used  in  the 
yoke  are  usu?J.iy  slightly  bilow  tho^e  in  tho  coros,  for  the  r 
same  quality  of  material,  la  order  to  give  plenty  of  rat^tal  for 
stability  and  solidity  in  theappearunoo  oi  the  me.chinft. 
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Quite  frequently  it  is  of  advantap^?  to  use  a  lov/sr  and  rh(=iaonr 
grade  of  iron  in  the  yokosj  an  xhe  o'oss  f.eo'^^irn  of  tl:e  •  lr:nor 
grade  of  nietals  is  often  so  s^iiall  as  to  produce  a  bad  appearance 
to  the  eye. 

Average  densities  between  0.^00  ari.  13000  j^ausj^^es  should 
therefore  be  used  in   the  anaaturo  coixs.   Since  the  m^mbor  Oi. 
reversals  of  the  direction  of  'che  narnot.f'^^m  per  uni".  <  "Sine  is 
gr*eater  in  the  armature  core  of  a  niuI.v.Tp.^j?ir  m3.o\\in^    'shari  in  a 
bipolar  having  the  same  speed,  there  is  a  (rroator  hy.i'oerosis 
loss  in  the  multipolar  armature  for  the  same  density  and  mass 
of  iron.   It  is  therefore  evident  that  with  a  given  per  cent,  of 
energy  to  be  dissipated  in  heat  .due  to  hysteresis,  lower 
densities  should  be  used  in  the  multipolar  armatures,  other 
conditions  being  the  same;  also  higlier  densities  may  be  used  in 
Blow  speed  machines  than  in  the  co'-bs  cf  annatures  nanning  at 
higher  speeds,  the  number  of  poles  remaining  the  same.   In 
accordance  with  the  limits  sp.^cif  isd  above,  the  general  division 
contained  in  Table  XXVII  should  be  observed. 

TABLE  XX.VII. 
IIAONBTIC  DEUSITIES  POH  ARMATUitE  COKES. 

Type  '  5.^.^CA1^'  Jilk  GaTosses. 

Bipolar  drum,  3C0C  x,-   l-iOOO 

Miiltipolar  drum  (  few  built)  50'JO  •!:.-  VCOOO 

Bipolar  ring,  10'. o^'.  •»•:  :'..:-- COO 

Higfc  speed  EiultiT)olar  ring  7CiK  cc  lijOOO 

Slow  speed  laultipolar  ring  10000  to  a.5000 
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d    =  'The  diaroeter  of   the  circle  described  by   the  middle 

of  the  air  gap   in   inches. 
I  ^     The  effective  length   of  the  armr.ture   cor-e    in   ir.cheB, 
a   =    The  percentage   cf  tiie   active   surfao'.>   of   the  a^-riatare 

covered  by  the  poxes , 
V    ^    the  peripheral  velocity  of  a  point   in  the  r:idil'=i  of 
;     the  air  gap,   considering  the  latter  to  rot?.te  with 

the  armature. 

77-  X  d  X  L  X  6.45  X  a 

J2f      =      B  X  A  ^  .-•- B    (59) 

2  P 

77^  d  X  60  X  n 
V        52  - w (60) 

12 

and  substitutinn  the  values   of  ^  and  n  obtained  fronx  thee* 

expressions   in  equation  58 »  we  get, 

B  X  V  X    (C  X  L)   X  6*45  x  12  X  a 
E         =  - .-, (61) 

10^     X  60  X  b 

fi  X  V  3t  !•   X  30.5^  X  ^ 

™- 5 -.^-**^-.  (62) 

10^  X  60  3t  b 

Where, 

L'  =    the  number  of  active  conductors  on  the  armature. 

Therefore   the  number  of  volts  per  foci  6f  active  conductor 
on    the  surface  of  the  armature  will  be^-« 

E  X  b  B  X  V  X  30.6^  X  a 

"^  L^  **  10®  X  60 

A  suitable  value  taken  from  Table  XXIX  and  multiplied  by 
the  percentage  (a)  of  the  surface  of  the  armature  covered  by 
the  poles  will  give  the  value  of  e'  with  sufficient  exactness 
for  the  first  approximation. 

Prom  the  above,  it  readily  follows  that  the  total  length 
or  active  conductor  required  for  a  niven  armature  v/iH  be,*- 
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Again,    since  the  total  B.M.?.    developed  in  the  armature, 
full  load  Jlb  ^  * 

E        «=         B'+IBj^+IRg  (65) 

Inhere  ^ 

B»5r  Tixe  E^K.P.  at  the  terminals*  v 

R^^  ^^  resistance  of  the  armature  bwbetween  terminals 

Rg  ST  The  resistance  of  the  series  winding. 

Sincef  at  no  load 9  E*  sr   E,  the  calculations  for  the  ansa. 
ture  are  made  for  conditions  of  no*loadt  and  the  increase  of 
potential  necessary  to  overcome  the  ,t)hmlc  drop  due  to  the  resie 
JJBfnce  of  the  armature  and  series  winding  at  full  load,  is 
bttained  by  slightly  increasing  the  value  of  ^^   and  since  the 
air  gap  density  must  for  this  reason  be  greater  at  full  load 
,than  at  no  load,  for  constant  brush  potential,  the  no  load 
value  of  B  should  be  .chosen  slightly  below  that  which  is 
desired  for  the  ftill  load  value. 

Having  determined  the  length  of  active  conductor  from 
equation  64,  and  the  winding  diameter  of  the  armature  from 
equation  60,  the  armature  winding  may  be  planned* 

The  full  load  line  current  may  be  calculated  from  the 
equation, 

K.W,  X  1000 

I    ^    <66) 

E 

,irfhere, 

•  K-TT.  is  the  full  load  rating, 

E  is  the  full  lor.d  terminal  voltage. 

The  armature^ current  at  full  loed  is  equal  to  the  full 

*JfOSLd   line  cyrrent  plus  the  current  in  tiie  shunt  field, 

^,  whence, 
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TABLE  XXIX. 
VOLTS  PER  FOOT  OP  ACTIVE  C013DUCT0R. 

1 

100  ^  of  the  Surface  of  the  Armature  Covered  by  the  Poles 


Peripheral 
velocity  In 
ft.  per  mln 

1500 
2000 
2500 

3000 
3500 
4000 

4500 
5000 
5500 


3000 

.70 

.93 

1.16 

1.39 
1.63 
1.86 

2.09 
2.32 
2.56 


Average  ^iagiietic  Density  in  the  Air  Gap. 

4000    500(3     ^6Wi5    70^Ty   300^  9000 


..93 
1.29 
1.55 

1.86 
2.17 
2.48 

2.79 
3.10 
3.41 


1.16 
1.55 
1.94 

2.32 
2.72 
3.10 

3.48 
3.88 
4.26 


1.40 

1.86 
2.32 

2.79 
3.24 
3.72 

4.18 
4.64 
6.12 


1.6S 
2.17 
2.72 

3.26 
S  80 
4.25 

4.88 
5.4?. 
5.96 


1.86 
2.  48 
3.10 

3.72 

< .  ;■:  4 

4.S5 


5.58 
6  £0 
6.82 


2.10 
2.79 
3.48 

4.17 
4.60 
4.58 

6.27 
6.26 
7.68 


K.W.  X  1000  (1  +  k) 


(67) 


THiere , 

k  is  the  shunt  field  current  expressed  in  percent  of  the 
full  load  line  current.   In  Table  XXIX  are  given  the  approxlmat^j 
values  of  k  for  generators  .of  various  outputs. 
Prom  the  data  given  in  Table  XXVIII,  an  approximation  of  the 

required  cross  section  of  the  armature  conductors  can  be  made, 

and  in  general  may  be  taken  equal  to  I'  x  700  (m) . 

If  common  practice  be  followed,  the  active  conductor  will 

be  placed  in  two  layers  on  tk  armature,  usually  placed  in  slots* 

1*  The  conductor  used  must  be  formed  into  colls,  and  then 
,^  placed  on  the  armature  in  accordance  with  a  pre^determlned  plan- 
The  coils  for  the  smaller  machines,  and  those  having  several 
turns  are  ustsally  wound  on  forms  in  order  to  give  them  a  correct 
and  uniform  shape  and  they  are  then  carefvilly  Insulated  by  being 
bound  by  tape  or  other  insulating  material.  Ifher^  several 
wires  make  up  a  coil,   that  is  where  there  is  more 
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ff 

thAxi  one  conductor  per  collt  the  conductors  should  be  Insulated 
from  each  other  by  a  double  or  triple  cotton  insulation* 

2.   A  coil  may  be  cozoposed  of  a  single  turn  or  of  many 
turns,  and  lAien  more  than  one  turn  Is   used,  they  may  be  con- 
nected either  in  series  or  in  parallel  (as  in  the  use  of  strand- 
ed conductor)  or  in  series-^parallel. 

S«   Coils  are  so  placed  on  the  armature  that  one  half  of 
each  coil  is  in  the  outer  layer  of  conductors  and  the  other 
half  in  the  ixmer  layer «  This  arrangement  is  accomplished  by 
giving  the  end  of  the  coil  a    peculiar  shape,  so  that  they 
interlock  and  cross  one  another  at  the  ends  of  the  annature 
core.  The  number  of  oils  into  which  the  annature  winding  is 
divided  must  be  made  to  accord  with  the  ''winding'*  adopted- 

4*   In  deciding  upon  the  winding  to  be  used  in  any  given 
case,  reference  should  be  made  to  the  iscussion  of  armature 
windings  which  follows,  or  to  Thompson's,  Parshall^s,  or  Amold% 
works  on  armature  windings.   In  general,  the  simpler  forms  of 
winding  are  to  be  recommended,  particularly  a  winding;  easily 
formed  and  conveniently  repaired • 

5V   The  niaaber  of  conductors  finally  adopted,  must  accord 
with  the  requirements  of  the  winding  to  be  used  and  muFt  at  the 
86uae  time  economically  fill  the  active  surface  of  the  armature 
core. 

6«   The  total  number  of  conductors  used  must  be  equal  to, 
or  be  some  multiple  of,  the  number  of  commutator  bars. 

7.  The  number  of  commutator  bars  or  segments  par  pair 
of  poles,  reouired  for  direct  ctirrent  dynamoc  aad  motors  varies 
from  30  to  100  without  regard  to  the  current  caoaolty  of  the 
machine. 

It  is  more  usual,  however,  to  use  betv/eon  30  aiid  80  seg* 
nents  per  pair  of  poles  for  voltages  up  to  250  and  from  60  to 
100  segments  per  pair  of  poles  for  voltages  between  2b0   and 
500  volts. 

8.  The  reactance  voltage  of  the  coil  under  oomnutatlon 
should  not  ezoeed  .75  of  the  value  of  the  voltage  per  segment. 
The  calculation  of  the  reactance  voltage  will  be  treated  later. 

9.  The  value  of  (a)  the  percentage  of  the  armature  cover- 
ed by  the  poles,  for  bipolar  machines  should  be  from  70  to  85 
per  cent.,  and  for  multipolar  machines  should  not  be  made  great-* 
er  than  70  pen  cent* 

Then  80  ^  of  the  armature  is  covered  by  the  poles t  the 
average  width  of  the  teeth  should  be  about  .3  of  the  pitch  of 
the  teeth,  and  a  part  of  the  laminated  pole  tips  should  be  cut 
away  to  give  better  regulation.  Also  if  a  large  percentage  ef 
ftlie'  srmsture  is  to  be  covered  by  the  poles,  it  will  be  found 
better  tor  use  a  relatively  large  ni;mbar  of  poles,  so  as  to 
reduce  the  cross  magnetizing  effect  of  the  armature  ampere  turns. 
If  ths  teeth  are  made  to  be  .4  of  the  pitch  of  the  teeth  and 
65  X  ^f  the  armature  covered  by  the  poles,  a  multipolar  ma-*    ,  '  J 
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through,  the  pole   tips.      It    is  net  advisable   to  have   the  deriBili 
under  the  ^tronp;  pole    tip  Liore   than   twice  the  average  air  gap 
density. 

After  the   total  number  of  conductors    (c)    on  the   surface  of 
the   armature  have  been  decided  upon,    the  principal  dimensions  of 
the  armature  can  be  detenu ined  by  means  of   the  following  ex- 
pressions- 

7fe  have,.- 

L»   X  12 
L        =*  -.  — - —  (68) 

C 

Where, 

1  i5  The  length  of  the  active  portion  of  a  single  portion  . 
of  a  conductor  in  inches,  which  is  equal  to  tlie  lengf 
in  inches  of  the  built  up  annature  core,  including 
from  5  ^  to  10  yj    insulation  and  air  spaces  between 
the  core  discs,  besides  the  ventilatin/i:  ducts. 

In  buildinp  up  an  armature  core  it  is  customary  to  make 
the  distance  betv/-*en  the  end  laminae  equal  to  the  length  of  th^ 
pole  faces.   If  this  is  not  done,  then  both  L  and  L'  must  be 
multiplied  by  the  ratio  of  the  length  of  the  pole  faces  to  th« 
distance  between  the  bounding  laminae. 

The  radial  depth  of  the  armaturd  winding  (d'),  which  in 
the  toothed  armature  is  equal  to  the  depth  of  the  slots,   can 
be  determined  from  a  consideration  of  the  arrangement  of  the 
conductors  on  the  surface  of  the  armature  core,  after  proper 
provision  has  been  made  for  their  ins\alation.   In  machines  of 
moderate  voltage  the  insulation  between  conductors  in  the  same 
coll  is  limited  to  double  or  triple  cotton  insulation,  but  in 
extremely  high  voltage  generators, c^dditlonal  protection  Is 

4 

necessary  between  the  copper  conductors  and  between  the  coll  and 
the  core.  Usually  the  total  tlilckness  of  insxilation  from  coppev 
f,o   core  Is  between  .06, and  .1  inches.   In  proportioning  the 

w 

Conductors  and  slots  of  machines  in  7h.^ch  strip  or  bar 
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conductors  are  to  be  usedf  the  slots  can  usually  be  loade  of  the 
desired  dimensions  and  the  shape  of  the  conductor  nade  to  fit^ 
with  its  Insubtion. 

The  total  external  diameter  of  the  anaatur<)  is  usuequal  to> 

d^    "^   d  +  d»  (69) 

and  the  diameter  belov/  the  teeth  is  equal  to,-* 

d2   -    d  -  d'  (70) 

The  remaining  dimension  of  the  laminae  to  be  determined 
is  the  radial  depth  {D^)   of  the  armature  core  below  thB  slots 
in  inches •   This  depth  may  be  determined  as   follows,^ 

The  total  flux  in  the  air  gap  under  one  pole  Is  equal  to 
the  value  of  (2(  in  equation  58,  page  152. 

One  half  of  the  flux  from  one  pole  must  pass  through  one 
path  of  the  arrature  core,  so  that,- 


(71) 

B''  X  L  X  2  X  f 


where, 


B«r2  The  density  in  the  core  below  the  teeth, 
L  =  The  length  of  the  amature  core. 
t   sr  The  percentage  of  the  space  between  the  botonding 
laminae  which  is  filled  with  iron. 

The  value  of  (f)  demdepends  upon  the  thickness  of  the 
sheet  metal  of  which  the  core  is  made,  the  insulation  placed 
between  the  discs  and  the  width  of  the  ventilating  ducts. 

The  sheet  iron  used  varies  in  thickness  from  40  to  15  mils- 
common  practice  favoring  the  use  of  sheet  steel  20  rails  thick. 

Laminae,  when  made  from  the  thicker  grades  of  iron,  are 
ustmlly  insulated  from  each  other  by  tissue  paper,  enarael  or 
varnish. 

The  thinner  grades  are  often  used  with  no  insulcition  except^ 
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ttaniafactnrers  add  a  coat  of  japan.      Per  tha  thicker  ..^radea, 
insiolated  as  above  from  90  to  95  per  cent,    of   the   croBS   s^^ction 
of  the  core  .is   iron,    if  no  ventilating  ducts  are  used.      ?or  the 
medivan  grades,    insula te:i  v/i+li  enoxiel,    frorc  85   to  90  per  cent- 
is    iron,   and  for   the   thin   oliecto.    with  r.n  enamel   coating,   about 
80  per  cent.    and'w:th   rJhe   oxid  alone,    from  90  to  95  per  cent-    of 
the  cross  section  is   iron. 


When  ventilating  ducts  are  used 


an  additional  allowance 


must  be  made   for  them.      The  ducts   should  be  nade  as  regards 
number  and  width,    in  accordance  v/ith  data  which  will  be  given 
later. 

The  dimensions  of  the  core  thus  far  obtained  supply  suf- 
ficient data  for  the  detennirjat  :on  of  the  length  of  the  cross 
connections  and  ccnrnutator  connections  of  the  armature  coils. 
This  should  be  done  by  making  a  full  size  plan  drawing  of  the 
armature,  drawing  a  set  of  coils  laid  off  at  the  proper  pitclv 
as  shown   in  PtK^-  49. 
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The  figure  shows  a  portion  of  the  projected  armature 
surfaoet  the  dimensions  being  those  measured  on  the  circumfer- 
ence^  p  being  the  distance  betv/ecn  centers  of  the  two  sides  of 
one  coll*  With  o  as  a  center,  draw  the  arcs  a  and  a*  and 
draw  the  diagonal  lines  tangent  to  these*  Proceed  similarly 
for  the  left  hand  side  of  the  coll  and  where  the  lines  intsrsect^ 
draw  the  bend  which  must  be  made  in  the  coil*  The  tv;o  ends  nay 
be  considered  to  be  of  the  same  length  and  to  the  length  of  the 
wire  In  each  coil  must  be  added  that  amount  sufficient  for  two 
leads  to  the  commutator. 

Having  determined  the  length  of  wire  in  a  colli  the  total 
length  of  wire  on  the  armature  may  be  ascertained!  or  If  desire(( 
the  total  length  between  two  adjacent  brushes,  which  is  the 
length  of  one  path«   The  re&istance  of  the  armature  or  the 
resistance  of  a  path  may  either  one  be  now  calculated. 

If  B_«  be  the  resistance  of  one  path  or  circuit  through 
the  armature  and  L^^t  the  length  in  feet  of  the  conductor  in  one 
circuity  the  resistance  of  one  circuit,  not  Including  the  brush 
contact  will  be^- 

Latx  K 

Ra'  ==    (72) 

(m) 

and  the  resistance  of  the  armature  as  a  whole,  between 
termixials,  but  not  including  the  brush  contact  resistance  will 
be,  if  thore  ore  b  patl>o  in  parallel, - 

b 
and  the  I^R  loss  in  the  armature  will  then  be, 

^a  «    ^\  <74) 
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The  difference  between  the  potential  at  the  terminals  of  a 
plain  shunt  machine  and  the  developed  potential  is  the  drcyp  in 
the  armature  winding  and  the  brush  contacts.   In  the  c£s«  of  a 
compound  machine  this  difference  is  the  drop  in  the  armature 
winding,  the  brush  contacts  and  the  series  or  compound  winding. 

ff 

This  difference  between  the  developed  and  terminal  E.M.P*  is 
usually  called  the  Internal  drop.   In  machines  of  capacity  from 
1  to  10  K.W.  the  internal  drop  varies  from  15  to  5  per  cent,  fr 
from  10  to  100  K.liT.  capacity,  it  varies  from  5  to  3  per  cent, 
from  100  to  1000  K.TT.  capacity,  from  3  to  1.5  per  cent. 

In  compound  machines  the  drop  should  be  proportioned 
between  the  armature  and  series  windings  apprdximately  inversely 
as  the  ventilating  power  of  the  armature  and  series  field  coils* 

The  rise  in  temperature  of  an  armature  which  resiiLts  from 

the  heating  of  the  armature  conductors  by  the  current,  is  de- 
the  heating  of  the 
termined  as  follows:- 

I  be  the  total  current  output  of  the  armature  in  amp. 

S  that  pert  of  the  cylindrical  and  end  s^orface  of  the 
armature  exposed  to  the  air,  in  square  inches » 
T*  the  rise  in  temperature  in  degrees  C.  of  the 

armature  core  due  to  iron  losses- 
!••  is  the  rise  in  temperature  of  the  armature  in 

'  degrees  C.  due  to  the  Tm  ating  of  the  armature  con- 
ductors. 

T  the  allowable  rise  in  temperature  of  the  armatture 
in  degrees  C.  above  the  air. 

K'the  radiation  coeffloirmt,  the  value  of  which  varies 
from  .04  to  .05,  dtpciiding  upon  the  conditions  of 
operation  and  the  stiuc'^tra  of  the  armature*   In 
some  eases  the  value  of  K^  may  reach  .07. 

Then ,  -     » 

ITla  =  K'  X  S  X  T**  (75) 

and  therefore,  o 

I  R 
Tf   X    . —  (76) 
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and  the  stm  of  T*  cuid  T"»  as  already  explained,  gives  the  total 
rise  of  temperature  of  the  artaature  above  the  air. 

The  xoaximum  allowable  onrrent  (I^)  which  the  anoature  can 
carry  continuously  when  overloaded,  without  excAeding  ttee  safe 
temperature  rise  above  the  atmosphere ,  may  be  determined  by 
substituting  the  value  of  the  maximum  safe  temperature  rise  (T) 
in  equation  (83)  and  solvlxig  for  the  current. 


^w^ 


h (T  ^  T»)      (77) 

yj        R 

?or  a  short  period  the  armature  could  carry  even  a  greater 
eurrent  than  that  prepresented  by  this  value,  without  injury 
from  Overheat Ingf  and  yet  only  under  exceptional  circumstances 
shotd^ad vantage  be  taken  of  this  fact,  and  then  only  for  a  very 
short  time*  In  any  case,  overloading  a  dynsmo  excessively  Is 
bad  praetlce,  since  It  must  necessarily  subject  It  to  dangerous 
mechanical  strains* 

TABLX  XXX. 
DIAUBTXRS  07  BXLTZD  mSiaXPOlAR   ARUATUBB8. 


Capae  ity 
inK.  V. 

• 

OutsU 

Min. 

M«an 

Inohof 
Uax. 

Riktio 
Xln. 

Of  Longth  to 
Mean 

Diaoi' 

Kax. 

1 
2 
5 

4 
5 

6 

7 
8 
9 

10 

11 
12 

.36 

.66 
.64 
.63 

.60 

10 

ao 

30 

6 

11 
14 

11 
14 
17 

15 
19 
23 

.35 

.34 
.33 

.62 
.59 
.56 

.80 

.78 
.73 

50 
75 

xoo 

17 
20 
22 

21 
25 
29 

29 

35 
40 

.31 

.28 

.52 
.47 
.44 

.71 
.67 
.63 

150 
200 
300 

26 
SO 

34 

84 

38 
44 

46 

51 
60 

.23 
.22 

.21 

.40 

.38 

.38 

.56 

.55 
.52 

400 
500 

38 
40 

49 
54 

65 
.  66 

.20 

.34 
.32 

.50 
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The  dimensions  of  the  armatures  of  direct  connected  lanits, 
In  Table  XXXI»  follow  more  definitely  established  lines.   The 
minimum  diameters  and  the  maximum  ratios  shoiild  be  used  togethei; 


and  maximum 


and  mlnlmimi  ratios  should  be  used  in  de* 


terminlng  the  best  proportions  for  a  given  axToature.  It  will 
be  noted  that  the  minimum  ratio  is  nearly  a  constant  for  . 
inachines  of  all  capacities. 

Armatures  of  the  iron-*clad  and  slotted  core  typeSf  should 

« 

have  the  number  and  dimensions  of  teeth  within  the  limits  given 
in  Tables  XXXII  and  XXXIII.   It  is  found  that  the  best  results 
are  obtained  by  using  a  large  nimiber  of  narrow  slots  rather 
than  a  small  nvmber  of  wide  ones,  on  account  of  the  excessive 
eddy  currents  Educed  in  the  pole  pieces  by  the  latter  and  the 
better  regulation  which  can  be  obtained  by  the  use  of  a  large 
number  of  narrov/  teeth  and  slots  of   considerable  depth.  The 
slots  are  made  with  their  sides  parallel t.  owing  to  the  ease 
with  wliich  the  conductors  may  be  placed  on  the  armature  cord. 
The  teeth  are  usually  notched  Just  below  the  comers  to  admit 
a  wooden  or  fibre  wedge,  driven  into  place  after  the  conductors 
are  laid  in  the  slots,  to  hold  them  secxurely  in  place.  These 
wedges  vi^ry  In  thlekneBS  from  lA6"  to  l/4*,  depending  u|>o|i 
"^e  dlaoMBter  or  Vom  anaature  and  ttie  width  of  the  aXo%« 
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DiiMiitfr  of 

in   Snchtf. 

10 
30 
50 

40 
50 
60 

100 

120 
140 


WMom  oy  jCBmkvam  slots. 

Vumbor  of  Slots. 


UiuXutm 

25 

60 

76 
95 

125 

150 

Its 

190 
200 


UOM 


MoxlnuA 


45 

90 
126 

76 
155 
190 

150 
920 
260 

240 

S25 
40O 

900 
530 
580 

450 
470 
550 

t 


^•. 


Za  91s.   50  l9  ihoim  a  vUm  of  O  slot  «rlii«h  is  oonpownly 
us«d  fdhiKk  th«  slati  oro  pnMicsboA  ki  tht  discs «  which  is  tho 
method  ussd  hv  the  m4or%%7  of  inaufsotuf*srs»  ospeolally  for  ths 


larger  sisos. 

■  • 

Ths  slot  Shown  in  Fiff.   51  is  the  kind  asde  by  mill  ins  the 
slots  in  the  osre  after  it  is  built  up.     This  ntethod  is  used 
by  a  nurt.ber  of  jfianuf ae turers  on  armatures  up  to  16  inches  in 
diametnr. 

In  the  ease  of  milled  slots t  or  others  in  ^rhich  no  pro* 
vision  Is  Kade  for  ths  wooden  wedges,  it  is  oustoiMry  to  turn 
«  nuKber  6f  shallow/  gpoovos  in  tiae  outer  surfaeo  of  ths  «ore. 


tMOR 


^    of  the  a^iaature. 


Aftsr  the  winding  is  pla«od  in  the  slots  a  strip  of 
insulailAg  Material  is  laid  over  the  coils  and  hard  drawn 
brass  wire  is  wocuad  in  the  grooves  to  keep  the  coils  in  pliios 
On  all  ar&iatures»  a  band  of  wire»  with  insulation  beneath* 
•Itould  be  wound  over   the  end  oro.leetions  or  tinm  AAiiti.    «^ 


I 
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Diameter  of 
annature 
In  Inches. 

10 
20 
30 

40 
50 
60 

80 
100 
140 


TABLE  XXXIII. 
DEPTH  OP  AEJ:aTURE  SLOTS. 

Depth  of  Slots  In  Inches. 


MlnlTman 

.40 
.60 
.80 

1.00 
1.10 
1.20 

1.30 

1.38 
1.40 


l£ean 

1.00 
1.20 
1.36 

1.48 
1.57 
1.63 

1.72 
1.72 
1.80 


Maximum. 

1.70 
1.82 
1.90 

1.97 
2.04 
2.10 

2.18 
2.22 
2.30 


o- 


Eatio 


Batio 


Depth  of  Slots 
Width  of  Slots 
Width  of  Slot 
Width  of  tooth 


From  2.5  to  4.5 


from  .75  to  1.5 


prevent  tbelr  flying  outward  due  to  centrifTogal  fore*. 


COia^IUTATORS  tiSD   BRUSHES. 


The  design  of  the  commutator  and  current  collecting  devices 
is  of  gr*eat  importance »  as  the  operation  of  the  machine  will 
prove  to  depend  largely  upon  the  skill  used  in  the  proportioniir 
of  these  parts. 

The  diameter  of  the  commutator  shoiild  be  chosen »  such  that 
for  a  given  speed,  its  peripheral  velocity  will  not  exceed 

* 

S500  feet  per  minute;  about  2250  feet  per  minute  being  the  mean 


peripheral  velocity  of  the  comumtators  built  in  this  country* 
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On  the  other  liand,  the  dlaaet^r-  shoiild  be  such  that  the 
segments  will  present  a  sufficient  surface  to  the  brushes t  be 
af>le  to  wlth8taz»i  the  wea¥>  and  yet  not  be  so  wide  as  to 
require  an  excess  of  copper  and  brushes  of  unusual  dimensional 

Copper  is  nov/  universally  used  tn  making  corawutator  seg- 
mentS)  either  rolled,  cast  or  forged  segments  being  used. 
Rolled  segments  have  proved  to  be  the  aost  sat  is  factor:^,  due 
to  the  uniformity  obtained.   Ix  is  not  on  the  score  of  Its 
superior  conductivity  that  drarm  copr>«r  should  be  used,  since 
the  loss  due  to  the  resistance  of  the  segment  is  negligible, 
but  it  is  of  primary  im;  ortance  that  the  mat'rrial  shall  possess 
the  greatest  possible  uniformity  throughout,  €uid  freedom  fron 
any  sort  of  flaw  or  inequality.   For  the  sam^-^  reason.,  great 
care  should  be  used  in  the  selection  of  the  mlta  usi^d  as  inBU«^ 

'        a  • 


t      * 


latlon  between  the  segments;    it     should  preferably  be  just  soft 
esMW^.  to  ^vear  at   the   sar:e  rate  as  the  copper,  but  s}iould:iin 
no  evttivt  wear  away  more  slowly^  as  under  such  conditions   the 
cooBLUftAtor  would  present  an  uneven  surface  to   thfi  brutth* 
Yellow  agd^er  mica  is  best  adapted  to  use  in  this  olasaof  wo'rk» 
tktf  tfticltness  of     insulation  between  the  segments  and  at  the 
mnda  and  below  the  bars,     depends  upon  the  voltage  of  the 
BMehine  and  may  be  made   in  accordance  with  Table  30DCV 

The  number  of  segments  to  be  used  will  be  determitied  I&rge<- 
ly  by  the  design  of  the  vfinding,   and  the  voltage  of  the  machine 
and  should  be  made   in  accordance  with  Table  XCCVZ. 

TU^  difference  of  potential  between  the  commutator  seg-r 
ments  which  is  allowable  Is  governed  by  the  reactance  voltago 
of  th«  coil  which  is  short  oircuited^  ami  varies  fron  25  volt>s 
In  small     500  volt  armatures  to  2  Volts   in  large  110  volt 
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machlnee^   As  stated  before,  30  to  60  segments  per  pair  of  poles 
for  machines  up  to  2F0  volts,  and  from  60  to  90  segments  per  . 
pair  of  poles  for  machines  from  250  to  500  are  good  values  to 
n99.     The  voltage  developed  per  segment  will  depend  of  course 
upon  the  number  of  turns  between  segments  and  the  fliax,   and 
these  values  also  affect  the  reactance  voltage;  as  will  be 
showi  later:  the  allowable  voltage  hetween  segments  is  governed 
by  the  reacteuice  voltage  which  tlie  coil  v/ill  develop  when  short 


circuited  by  the  brush 


TABLE  TTOO;. 


Position  of 
'•^--^ion. 


CQ»aaJTATOR  HTSULATIOSI. 

ThiCiiness  of  insulation  in  mi!bs. 
Voltage  at  Dynamo  Terminftls. 


0   to  300 


■««M* 


Between  bars   20  to  30 

*   ^ 
Below  the  bars  50  to  100 


400  to  750 
30  to   40 


8000  to  oC/00 
40   to   60 


60  to  120.   100  to  2K)0 


Side  of  bars,  80  to  100    110  to  125    125  to  200 


The  substructure  of  commutators  is  usually  made  of  cast 
Iroiit  though  sometimes  of  brass  or  phosphor  bronze.  The  niothod 
of  clamping  the  bars  in  place  should  receive  careful  attention, 
and  the  pressure  should  be  so  arjxvlled  as  to  prevent  t}ie  bar  from 
raisins  from  Its  position.   The  coznnutator  should  be  designed 
80  that  laaxlzsum  wearing  quality  v/111  be  secured  for  a  nlninum 
oeat  of  Qopper,9  and  so  that  the  brush  contact  surface  nay  read<- 
iXjf  b#  turned  xip  true  when  the  c osr.'.utatef  has  become  worn, 
wit)iout  endangering  the  faeteuing  of  the  bars. 

The  commutators  of  smaller  me.ohines  a-^*^  slipped  on  to  and. 
keyed  to  the  sliaft,  while  those  of  larger  nachineB  have  their 
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RULES  FOR  USHJG  TABLE. 

THE  CHORD  equals   the   thickness  of  a  division  of  a  coinmuta- 
tor  of  one   inch  radius,    includinf;  the  mica.      The  chord  also 
shows   the   increase  per  inch  in  thiclcness  of  a  commutator  bar  of 
the  angle  given  on  table. 

TO  DETERMINE  THE  DIAMETjSR  OP  COIttlUTATOR,   add  thickness  of 
mica  desired  to  the  thickness  of  bar       at  brush  contact  .edge, 
divide  by  CHORD  for  one  inch  radius  and  jniiltiply  by  two. 

TO  ASCERTAIH  THE  THICKKESS  OP  A  COM?aJTATOR  BAR,  multiply 
the  chord  of  the  nixmber  of  divisions  dr sired  by  the  radius  of 
the  commutator  to  be  made,   and  deduct  the   thickness  of  mica* 


suppot'ting  parts  bolted  to  the  armature  spider.     The  clamping 
device  should  be  so  designed  that  it  will  not  skdw  the  bars 
while  drawing  them  into  place. 


Carbon  and 


brushes  are  used  almost  exclusively  on 


direct  current,  constant  potential  machines «  ^Owing  to  the  high 
resistance  of  the  contact  of  carbon  brushes,  sparkless  ojxeration 
may  be  obtained  at  all  loads,  without  shifting  the  brushes* 
The  resistance  of  the  contact  keeps  low  the  value  of  the  current 
in  the  00 il  which  is  short  circuited  by  the  brush  during  commu- 
tation, and  also  possesses  a  certain  inertness  in  combination 
with  the  copper  commutator  which  renders  the  sparking  much  less 
destructive  than  between  copper  brushes  and  the  segments*  They 
also  have  the  property  of   burnishing  the  commutator,  giving  It 
a  lus trous ,  re f rao tory  surface . 

Oraphlte  brushes,  while  possess Ing  a  lower  coefficient  of 
friction  than  carbon,  do  not  impart  a  polished  surface  to  the 
commutator,  in  fact  wVeo  the  brushes  are  quite  Boft>  there  Is  a 
tendency  in  the  particles  of  graphite  to  adhere  to  thjs  copper 
surface,  which  greatly  increases  the  contact  resistance. 

Copper  brushes  are  made  in  two  forms,  leaf  copper  and  gauze 
brushes.   These  possess  a  much  lower  contact  resistance  than 
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carbon  brushes,  and  are  much  more  destructive  to  the  cowinutator- 
They  are  used  only  on  machines  of  low  voltage  ajid  large  current 
capacity. 

The  required  area  of  brush  contact  depends  upon  the  current 
which  is  to  pass  through  the  brush,  the  assumed  value  of  current 
density  in  the  contact  area*   Usually  carbon  brushes  are  v/orked 
at  a  current  density  of  from  25  to  40  amperes  per  square  inch  of 
brush  contact.   Copper  gauze  brushes  may  be  oporated  at  current 
densities  as  high  as  100  Amperes  per  sq.  in.,  and  leaf  brushes 
will  carry  as  hif:h  as  125  amperes  per  square  inch- 
On  pages  166  and  167  are  given  curves  of  the  resistance  per 
square  inch  of  contact  area  of  carbon  and  graphite  bnishes  for 
different  pressure  and  current  densities.   The  data  given  in 
these  curves  were  obtained  by  means  of  a  specially  designed 
apparatus  illustrated  In  Plate  17. 

A  commutator  about  six  inches  in  diauneter  was  moimted  on 
a  heavy  shaft,  running  on  ball  bearings*    The  segraents  of  the 
commutator  were  short  circuited  by  means  of  a  copper  ring. 
Brushes  held  in  parallel  motion  brush  holders  bear  on  the  upper 
part  of  the  commutator.  The  shaft  is  driven  by  a  variable 
speed  motor,  through  a  torsion  dynamometer.  By  taking  readings 
of  the  dynamometer,  with  the  brushes  raised*  the  bearing 
friction  was  determined. 

Tests  of  different  grades  of  carbon  and  graphite  brushes 
were  tested  at  different  speeds,  pressures  and  current  dr^nsitieg 
In  the  course  of  the  experiments  it  v/as  found  that  the  refciis- 
tajfice  of  contact  under  the  positive  and  negative  brushes,  at 
the  saxae   pressure  and  current  densities  is  not  equal,  t3ie  posi- 
tive bnash  giving  the  higher  resistance  of  contact.   For  this 
reason  these  curves  are  plotted  giving  the  resistance  of  one 
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positive  and  one  negative  brush  in  series,  that  is,  the  resis- 
tances given  are  for  the  contacts  under  one  pecitlve  and  one 
negative  brushy  each  having  an  area  of  one  square  Inch* 

« 

Since  the  friction  loss  of  the  brushes  increases  directly 
with  the  pressure,  and  tl;e  resistance  of  contact  decreases  with 
the  pressure  I  there  will  be  for  each  current  densltyi  a  most 
economical  pressure  to  use-  71  thin.  ^Iven  limits ,  the  resistaince 
per  square  Inch  of  carbon  bnishes,  decreases  as  the  current 
density  Is  Increased^  and  since  the  friction  loss  Is  proper** 
tlonal  to  the  area,  we  would  not  e^ect  to  get  any  great  in- 
crea9e  In  economy  by  using  an  unusually  large  brush  and  a  low 
current  density. 

The  current  which  must  pass  through  one  bznish  Is  atlways 
equal  to  twice  the  current  In  one  path  of  the  armature.  Knowing 
the  area  of  contact  rdqulred  for  one  brush,  or  one  set  of 
brushes,  a  set  being  all  of  the  brushes  bearing  on  a  single 
conmtutator  aegi&ent  at  any  instant,  and  the  nTimber  of  sesnerjte 
which  the  bnish.  Is  to  bridge,  the  width  and  thickno^^c  oi'  the 
brush  Is  readily  determined.'  The  minimum  width  which  can  be 
tiaed  Is  eq\ial  to  the  thickness  of  one  segment  plus  the  ir.sula^ 
tlon  between  them*  Three  segments  are  often  covered>  and   even 
totir  may  be,  If  the  reactance  voltage  developed  does  not  become 
too  high  xmder  such  conditions*  Carbon  brushes,  instead  of 
hein£^  left  in  one  large  slab,  are  cut  up  into  a  suitable  number 
or  pieoee,  these  pieces  forming  a  'set*  of  brushes;  this  admits 
of  the  ^^^s^^v*!  of  the  parts  of  a  set,  one  at  a  time,  for  trim- 
ming or  renewal,  without  shutting  off  the  ^current,  and  alse 

gives  a  better  adjustment  of  the  pressure  over  the  conniutator 
surface.  The  space  allowed  between  the  brushes  of  a  set  should 


not  greatly  exceed  the  end  play  given  the  armature  in  the 
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bearings,  so  that  the  commutator  will  be  worn  smooth.   The  and 
brushes  of  the  set  should  not  be  less  than  one  half  inch  from 
the  ends  of  the  segments. 

Knowing  the  number  of  brushes  required  in  a  set  and  the 
thickness  of  each»  as  well  as  the  space  between  each  brush  and 
at  the  ends,  the  total  length  of  the  surface  of  the  commutator 
may  now  be  determined. 

Having  determined  the  dimensions  of  the  commutator  and  the 
brushes,  the  watts  dissipated  in  heat  by  brush  friction  and 
I^R  loss  in  the  brush  contacts,  and  the  tem^rature  rise  may 
be  calculated. 


If  we  let. 


P  - 


Ab 


the  pressure  in  pounds  per  square  inch  with  which 
the  brash  is  pressed  upon  the  comniutator* 

the  total  contact  area  of  all  the  brushes  on  the 
coiL'autator,  or  area  of  me  set  tiraes  the  numbek* 
of  sets,  in  square  inches. 


c  «  the  coefficient  of  friction. 
d  ==  the  diameter  of  the  commutator  in  inches^ 
Then  the  watts  loss  due  to  friction  will  be,- 


'f= 


pxAvX/T-xdxcx  746  X  r.p.zn. 
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Also  if  we  let»« 


^"b= 


the  resistance  per  sq.  in  of  contact  of  one 
negative  and  one  positive  brush  in  series, 
corresponding  to  the  current  density  and   pressure 
assumed. 


A*l^^  the  area  In  sq.  in*  of  the  brushes  in  one  set. 
Then  the  resistance  of  one  set  of  positive  and  one  set  of  nega-^ 
tive  brushes  In  series  will  be,- 
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and  the  drop  };.  voltage  in  themachine  due  to  the  resistance  of 


brush  contact  will  be,- 


I'  X  2  X  R'v  . 


■b       -  '^ 0 

where  I'    is  the  current   in  one  ec-'ion  cf  tl.?.  arniature. 


(6) 


The   resistanceb3t\/een   th.T    ::^i/:.\t:roo*^  -^^ -i    i-h^    tc-ir^ir.ials  of 
the  na  chine,   not   including  the   res.U:ance  of  tne  series  'binding 


will  be,- 


2P.- 


(61) 


where  b    is   the  number  of  paths   throu/^  the  annature   in  parallel, 
which  is  equal   to    the  number  of   ''sets''   of  brusnee. 

The  wa1>ts  loss  due  to  the   I^R  loss   in  the  contacts  v/ill  the 


then  be, 


TT,       ^ 


\  ^  ^a' 


(62> 


where   I^^  is    the   total  annature   current. 


If  S  be   the  entire  radiatlnf:  surface  of  the  corarautator, 
the  brushes  and   the  brush  hold^irs,    aud  K'    the   raGJ?.\.if^n   coef- 
ficient,   chosen   in  accordance  with  the  aveias^  p'-'*'  I•fil^^:-dl 
velocity  of  the   radiating  sur^facej    the   teripercL-iuro   rise   of  the 
commutator  above   the  air  in  degrees  C.   will  thon  be. 


K'   X     S 


(65) 


In  case   the   teii5)erature  rise   is  found  to  exc3ed  the  allow- 
able value   of  60^  C.    above   the  air,    for  continv.ous   operation, 
the  radiating  surface   cho^ild   0'3    jr.c::  ..^^  r^^^-,    '/j.cho:    b'j   iTbt^cirxg   the 
conilnutator  hub  hollov/,    to  f-.d.ri':    wf  :    c:  ••f:\v  ::.t  icn  of  air  on  the 
inside,    or  by   increasing   tho    outi^'ilo   di^imeter. 


As  already  stated,    the  a7??jag3   -cDtage  between  cornmutator 
segmi^nts  which  is  allowable   ia  deteriined   by  the   value  of   the 
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i>«ctteac«^  v<»li.^««  Aermloped.   In  the  coll  v/hlch  Is  short  circuited 
by  the  brush  during  comimitation.      In  order  to  calculate   the 
Inductance  and  reactance  voltage  of  an  anrat^ore  coil,  v/e  must 


first  get  a  practical   idea  of 


inductance  and  understand 


what  takes  place   in  the  armature  coil  during  cccmutation* 

A  coil  has  an  inductance  of  one  henry  when   it   is  situated 
in  a  znedium  of  such  constant  permeability t  and  is  so  dimensioned 
that  a  current  of  one  axnpere  sets  up  a  loagnetic  flux  of  such 
magnitude   that  the  jroduct  of  the  number  of  li:i.is  linlrod  v;ith  the 
coilt  by  the  number  of  turns   in  the  coil   is  equal  to  100,000,000 
If  the  coil  has   but  one   turn,   then  its   inductance,        expressed 
in  henrys  becomes  10^^  times  the  nimiber  of  lines  linked  with 
the  turn  when  one  suospere  is  passing  throxigh  it*      If  the  coll  has 
t  turns,   then  not  only   is  the  magnetomotive  force   t  times  as 
great,  but  this  flux  is  linked  with  t  turns;  hence  the  product 
of  tlvx  and  turns,    i.e*,   the  inductance  of  the  coil,   is  pro*- 
pertional  to  the  square  of  the  number  of  turns • 

The  currents  in  the  colls  on  either  side  of  a  positive 
brush  are  both  flowing  toward  the  brush,  and  when  the  coil  whidi 
is  just  approaching  the  brush,  has  passed  from  un  der  it,   the 
current  will  then  be  flowing  through  the  coil  in  a  direction 
opposite  to  that  which  it  bad  when  the  coll  was  approaching  the 
brush •      This  means  that  during  the  time  a  segment  is  passing, 
under  the  brush,    the  current  must  become  to  zero  and  be  set  up 
in  the  opposite  direction;    in  other  words  reversed  or  put 
throvigh  one  half  of  a  cycle. 

The  current  which  dies  away  and  the  one  which  is  set  up 
produce  a  change   in   the  flux  linked  wltx    the   turns  of  the  coll, 
the  number  of  lire  s  of  force  depending  upon  the  number  of  turns 
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in  tlia  09  11  and  the  area  of  ir^n  surroxmded  by   the   cell. 

Experimental  reeults  on  a  numbGr  cf  raachinas  show  that  an 
armature  colli  vinder  the  pole   tips,    the  polrt  or  the  ifield  in 
which   the  o)  11   is   coinrnutated,   v/ill  set  \:ip  an  a/oiage  of  20 


Maxwells 


turn  per  inch  of  gross  length  of  the 


armature  core,   so   that   if,- 


t  '^  th3  rviinbe.r  of  turns  in  one  ceil  between  ssf^aents 
whiclL  Iz  "^qual  to  one  half  of  the  nunber  of  con- 
duct •jri=«  c^r  coil? 


vi! 


X   •=^   The  length  of  the  armature  core   in   Inches, 


The  flux  set  up  .    by  unit  current   in  one  coil  will  be,- 


(/^     «        txLx20 


(64) 


As   It   is  usually  the  case  that  several  segments  are  cover- 
ed by  one  brushy  vrhich  means  that  several  adjacent  ceils  will 
be  short  circuited  at  the   same    instant  by  a  c ingle  brush,   and 
the  lines  of  force  set  up  by  all  these  coils  will  be  linked  by 
the  turns   in  si  y  one  coil. 

Further,   since  parts  of  two  or  more  ceils  appear  in  the 
same  slot,  we  have   the  two  coils   ^';_. j^.or \:^^^    :n  t   v^   r^HVie  slot 
short  circuited  by  adjacent  brushes  at    tJhe   fc-ane    instant,    and 
the   flux  set  up  by  both  is  linked  by  the   turns  of  e?. thor  one  of 


the   coils;   so  that  to  get   the 


tote/J.   fi-ji^:  I'iOir.oh    L?   linVw-d  by 


a  short  circuited  coil,  we  must  multipLy    'Luic  nujiiber  cf  coils 
appearing   in  a  slot,   and  by  the  length  of  the  core.      So  that 


the    total       flux  linlced  ly    a  coil  will  be,- 

J2(^^nxtxLx20x2 

c 


(65) 


wh»re  n  is  the  number  of  colls  short  circuited  by  one  brush. 
The   inductance   in  henrys  of  one   coil  will  then  be,- 
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for  onA  negment  to  pass  under  a  brushy  which  le  equal  to»* 


w  X  60 


Time 


d  nrrn  r.p.m. 


(67) 


where  i 


d  is  the  diameter  of  the  connutator  In  Inches , 

w  is  the  circumferential  width  of  the  brtieh  In  In* 


and  since  two  revereala  are  required  to  make  one  cycle,  we  have 
as  the  frequency »   or  the  number  of  cycles  per  second,* 


r.p«m.  X  d  X  ;r 
2  X  w  X  60 


(68) 


the  reactance  will  then  be,* 


h  X  2  X  ;rx  r^ 


(69) 


and  the  reactance  voltage  will  be,^ 

e^   2    r  X  I 


(70) 


wh.ioh  should  not  exceed  «75  times  the  average  voltage  developed 
between  commutator  aegmeitts. 

la  case  tha  value  of  e  Is  foufid  to  come  too  high  for  a 
given  design,  It  must  be  lowjsred  by  decreasing  the  number  of 
turns  In  series  between  aegments. 


•--o— *•• 


Xxample  of  the  calculation  of  the  laductanoe  and  reactance 
voltage « 

A  four  polOf  550  volt 9  200  K*7«  dynamo  nms  at  a  speed  Qf 
750  r.p.m.»  the  armature  has  a  four  circuity  single  winding, 
arranged  In  12  0  slots,  wl«i  four  conductors  per  slot.  The  com* 
mutator  Is  20  Inches  and  It  has  240  segnents*  The  brushes  are 

•  75  Inches  thick;  segments  .26  Inches  in  width.  Ihat  is  the 
reactance  voltage  of  a  coll  during  cempnitatl  ont  L  :  10  inches. 


f>4i '  K 


■  » 


*i 


4Ul| 


VI     • 


o«< 


'«^ 


.  ;  *"l    . 


\< 


£7 


j  r».  ) 


J 


cut  z 


K     i 


,  \  ^**^ 


*•<  J     '.;  >. 


AT.. 

D&   X   >   X   A 


•s 


^  ,p. 


Hii«^      *^-. 


t^M 


X  f. 


^  n 


.Hsf   i!i£^ 


-j^Jif'^ 


•;.*    ./v 


'5    XL  -> 


r<>^ir 


><^ 


.•♦ 


;»Ov' 


fc«l>r      <^r     ""f^TT/O^     '•;      ^^    >0 


it* 


>. 


if-  i    ••      "^  -'•» 


$n.t ^ -^vi-i^rf    ^'^   .>^.v  ;J    ,*v>n,itu  ..     ^> 


^.'/j*.^   r.  .    r^^\*  ft'-^i      jft  ivi    .v^-^iL 


I 


l»0-V4>'-        * 


'^s 


».  >        t 


-  •  :      '  .     rj<  ^-*  Ufw: 


r   :      }^J     .*!;      . 


la    t^f^*' 


I 

/ 


5.  •  •      • 

*|"   1 


♦> 


.  •  :.  ^  J 


•^MU 


*T 


•^  V 


c 
^•1^ 


y^4C.;       Iipi«> 


-^7.  . 


^♦11    • 


t,.'  rt;    # 


Pi   l^ 


W*«l 


/J     fcr 


0 


H^ 


^  ]9k<i»cr(ij* 


>;  ao-?  .^1^. 


176 


It  iB  seen  that  since  the  brush  width  is  equal  to  the  width 
of  three  segments,  the  xaaximum  number  of  coils  short  circuited 
at  one  time  will  be  three.   Since  there  are  4  x  120  or  480 
conductors,  240  turns  and  240  commutator  segD^ents,  there  will 
be  one  turn  per  segment* 

The  current  in  one  section  of  the  carmatiire  will  be> 

200  X  1000 


!•   =    - 

4  X  560 

a    91  amperes;  and  the  total  flux 

linked  with  one  coil  will  be,  from  equation  65,  page  174,- 

^^         «    3  X  1  X  2  X  10  X  20 

1200  maxwells,  the  flux  for  tmit 

current  which  is  in  accordance  with  our  definition  of  the  henry, 

the  unit  of  self  Induction. 

The  Inductance  will  then  be,  from  equation  66,  page  174, 

1200  X  1 

h    '         .-.— 

10° 

a    .000012  henry s. 
The  frequency  ie,  by  equationSS,  page  175, 

750  xyrx  20 


2  X  .75  X  60 

r 

«    530  cvcles  pL^r  second. 
Prom  equation  69,  page  175,  the  reactanca  v/ill  be,- 

r    5    2  X77-X  530  X  .000012 

3    .040  ohms. 
From  equation  70,  page  175  the  reac banco  voltage  i8,>- 

550  X  4 

e    ■    -— -—   =9.2  volts,  which 

240 

i».ow8  tnat  the  reactance  voltage  is  within  the  specified  limits. 
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tltSAMO  SHAFTS  AHS  BSARZHOS. 


In  designing  shafts  for  gensrators  and  motors,  rscourso 
y  be  had  to  tins  standard  works  on  aachlns  design  or  to  the 
follovlng  fomulae,  which  are  based  on  the  usual  methods  given 
for  machine  design,  with  special  modifications  to  meet  the 
requ^enents  of  electrical  machinery*     On  account  of  the  mag- 
netic pull  which  comes  xq>on  a  shaft  wiiieh  is  sli/a(htly  out  of 
center  of  the  poles,  the  shafts  of  dynamos  are  tuiually  siade 

« 

sooMiriiat  larger  than  for  other  nughtnes  of  the  seme  capacity, 
euch  as  engines,  turbines,  ete>  Fer  the  ssnie  reaeon»  the  bear- 
ings should  be  very  strong  and  rigid,  and  the^  aneuld  have  aiaple 
wearing  surface,  in  ordar  that  the  armature  shall  not  become 
materially  displaced,  with  represpect  to  the  poles* 

Ihe  diametef  of  the  portion  of  a  shaft  within  the  oora« 
when  made  of  steely  smy  be  fovaad  from  the  following  express leng- 

^nn — 


*c    •    «i    ./^-r-  ^'^^ 


where. 


d^       is  the  diameter  of  the  core  portion  of  the  shaft  in 
Inches. 

Tf        is  the  output  of  thd  machine  in  watts* 

V        is  the  apeed  in  revolutions  per  minute • 

K«       is  a  constant  depending  \q)on  the  output  of  the  ma- 
chine as  given  in  Table  X30CVZ. 


fonmal% 


Lfc         a        K3  X  db  X    H  (72) 


where, 

Lw       is  the  length  of  the  bearing  in  inches,  meaning  the 
length  of  the  wearing  portion  of  the  bearing. 


4^       is  the  diameter 


a  censtant  depending  upon  the  kind  of  armature  and  the 
output  of  Ite  machine  as  given  in  Table  XXXVt. 
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TABUS  XlDCVl. 

*S5APT  A2ID  BEARIKa  CONSTANTS. 
Cai>«».<5  Ity  In  K.W.  Values  of  Constants. 


1 

5 

10 

50 
100 
200 

500 
1000 
2000 


Kl 

High  Speed 

Kg 

Low  Speed 

1.0 
1.1 
1.2 

.075 
.100 
.115 

.100 
.150 
.175 

1.3 
1.4 
1.5 

.125 
.150 
.165 

-.200 
.  225 
.240 

1.6 
1.7 
1.8 

.175 
.200 

.225 

.250 
.275 
.300 

ARMATURE  WIlilDIKOS. 

Although  a  large  niamber  of  different  forms  of  armature 
wlndinrr.o  have  been  devised,   practice  has  narrowed  down  to  a  few 
simple   styles  of  winding. 

Ring  V7iadin23>    in  v/hich  each     conductor  found  a  return 
circuit    through  the  spider,   are  no  longer  u3ed  ^and  will  not  be 
considered*   Practically  allv/mdings  nov/  us^d  are  of   the   drum 
type,    in  v/hich  both  sides  of  the  coil  lie  on  tho  armature 
surface  and  are  active   in  the  generation  of  energy. 

Drum  anpattire  windings  may  be  made  either   singje,   double, 
triple^  etc-      If  a  winding   is  so  arranged  that   one  comnutator 
bar  vinder  a  brush  carriop  sll  of  t-^e   currc^at  from  one  side  of 
the   armature    to   th*^^.  ^I•*Jl<.h,    th.cn   the  ^vr'.^idlag   is   stwid  to  be 
single*      If  J   licvevot  ,    fcjo   ba.*^   Cfv.:   oy    u::e   ^^iirrcnt  from  one 
Bide      to    ';h*r    lr'uf.li.;    th  ^   wi.r^lLif;    It:    OiHc.   tr.    ivj   d^J-^'H.'    '^^    three 
bars  ccnvej-    clj i.-^   our  re-it      ic   Is   a   tr-:-jj.>i  '\ ind.  1  r- ff .      Trr.n)?e  and 
quadruple  windings  are  not     infrequent  ion  machines  of  great 
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cxurrant  capacity. 

AH  dnim  windings  for  the  armatures  of  multipolar  machines 
are  divided  into  two  general  classes:  First,  lap'wpund,  a 
development  of  which  is  shown  in  Fig.  52.   Second,  v/ave-wound, 
similarly  shown  in  Fig.  63.   These  v/ir.dings  are  sonetiirips  refer- 
red to  as  multiple  and  series-windings,  respectively.   Their 
true  distinction,  however,  lies  in  the  fact  that  in  the  first 
case  the  turns  of  wire  lap  back  each  turn,  while  in  'he  other 
case  each  turn  progresses  from  pcle  to  pole*   The  r.oniivc  :crs 
under  ^ach  pole  have  a  definite  direction  with  r'jfc:renc3  to 
their  generated  electromotive  force,  uid  the  fir^t  poir}':  of  con- 
sideration is  to  connect  the  conductors  so  that  the  'ilactroiRO- 
tlve. forces  add*   An  inspection  of  the  various  diagrams  ^viii 

quickly  show  that  if  the  electro- 
motive iorce  be  followed  down  a 
wire  which  at  any  instant  is  under 
a  north  pole,  that  wire  must  be 
connected  to  one  imder  a  south 
pole  .   From  an  electrical  point 
of  view,  this  need  not  be  the 
jiext  adjacent  pole.   It  may  be 
any  south  pole  of  the  field.  For 
rea^sons  of  a  geometrical  nature, 
Lll  require  a  minimum  length  of  wire* 


Figure  52 


the  conductors  lying  under  adjacent  poles  connected  together, 
and  as  far  ae  possible  those  lying  under  similar  portions  of 
the  poles  wlU  be  Joined  since  this  procedure  will  obviously 
yield  a  greater  electromotive  force. 

The  distance  between  tta  centers  of  tv;o  adjacent  poles  is 
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tlie  pole  pitch  and  the  distance  between  the  two  condiictors  of 
the  same  coll  is  the  throw  of  the  coil.  These  are  usvally 
expressed  In  terms  of  annattire  slots  inste&d  of  degrees  or 
inches- 


-i  Li    I    i    I   1     -^O^-V^rtvMiat-OV** 


»  COKci-v^CtOr  inc>f\-; 


^t^c   t.  ornf.  c  r  »or.  «J 


rTTT^  .• 


a.   •-    I    I    L     '^  ''^'^'i^'^i^^^^^'^^  ' 


Figure  53. 

In  as  much  as  there  may  be  several  coils  In  a  slot»  the 
pitch  can  not  well  be  measured  in  slots;  and  as  there  may  be  one 
or  more  turns  in  a  coil,  it  is  not  well  to  attempt  to  mea8i;ire 
the  pitch  of  the  coils  in  conductors*  Obviously ^  the  number  of 
turns  in  a  single  coil  does  not  affect  the  pitch  of  the  coil.  '. 
It  will  be  found  convenient  to  measure  pitch  in  coils,  or  better 
in  half  coils«^  Suppose  we  were  to  take  a  section  of  an  arxnatare 
perpendicular  to  the  shaft;  we  weald  cut  through  each  coil 
twice^  and  if  we  for  the  tMe  consider  each  side  of  a  ccll^  or 
better  each  half  of  a  coil. as  one  conductor,  provided  all  the 
turns  in  one  coil  are  in  series,  and  treat  them  as  suoh  in 
drawing  the  diagram,  little  difficulty  will  be  experienced. 

In  lap  windings  the  throw  of  tho  ?-i-:aature  co1j.s  can  never 
eqxial  the  throw  of  the  end  conueoticne.   It  li  usually  nade 
one  more  or  one  less.   In  wave  v:indings  these  thro\7s  may  be 
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dqtmlf  but  are  not  necessarily  bo*   That  !&»  tb»  number  of  sloie 
enclosed  by  a  coil  la  not  necessarily  equal  to  tlie  numbex^f 
slots  lylBS  between  this  eoH  and  the  coil  to  lAiich  it  is  con- 
nected at  the  cemttutator.  In  any  casst  honever,  the  throw  of 
the  coll»  plus  the  throw  of  the  end  connection  snist  bowery 
closely  equal  to  two  tittes  the  pole  pitch*   In  practice  it  is 
custosary  to  sake  the  throw  of  the  coil  equal  to  or  slightly 
less  than  the  threw  of  the  end  coimection.  Hhen  a  coil  is  cosi* 
posed  of  ssTsral  turns,  it  is  obvious  that  this  construction  re* 


quires  less  wire  ttiaa  if  the 


throw  of  the  coil  were  sli(^tly 


greater  than  the  throw  of  the  end  connection* 

If  the  throw  of  the  coils  is  very  much  Id  ss  than  the  pitch 
it  is  quit^.  obvious  that  there  will  be  periods  when  both  the 
condueters  of  one  coil  will  lie  under  the  influence  of  one  pole 
whicht  of  coto^e,  would  mean  periods  of  sero  electroiaotive  force 
In  that  coil*   She  threw  is  therefore  usually  made  but  slightly 
less  than  the  nitch  since  this  reouires  less  wire^  and  also 


Figure  54* 
beciuse  it  quite  often  happens  that  a  throw  exactly  equal  to  the 
pitch  would  encoxmter  a  fraction  of  a  slot,  or  for  various  other 
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g#a]D6tr2^'3«l  i^aaa^nB   The  remainder  of  the  problem  of  winding  an 
armature  Ib  one  of  geometry.  All  amatures  are  wo^oixd  for  one  or 
two  oondltionsi  vis.,  low  voltage  and  large  current,  or  high 
voltage  and  low  current.  For  t}^.e  first  condition  the  annature 
must  be  provided  with  a  large  number  of  paths  in  parallel,  and 
for  the  second  a  very  small  numbex}6f  parallel  paths  with  a  cor- 
respondingly  lArge  number  of  series  conductors*   Commercially 
this  is  acconplidhed  by  two  types  of  winding;  first,  the  lap 
winding  having  a  oooBratator  pitch  of  adjacent  commutator  bars 
and  therefore  having  parallel  paths  equal  to  the  nimxber  of  pole^ 
second,  the  two-*circuit  wave  winding  having  two  parallel  paths* 

LAP  7IXCDIlilO.*  The  following  refers  to  lap  windings  having 
as  nany  paths  in  parallel  as  there  are  poles,  though  there  may 
be  two,  three t  four,  or  more  tJmes  this  number.   In  these  other 
cases  wide  brushes  are  necessary,  which  give  troublesome  contactB. 

Sach  pole  represents  in  a  wsiy  a  complete  generator  in  it*^ 
self «^  ,  Xhere  Is  always  a  brush  for  each  pole  and  all  the  brushes 
of  like  sigii  are  Joined  to  form  the  two  terminals  of  the  machine 

If  each  slot  accommodates  two  coils,  i.e.,  one  side  each 
of  two  coils,  this  winding  may  be  constructed  on  an  armature  of 
any  number  of  slots ^  but  if  each   slot  holds  but  one  conductor, 
as  shown  in  Fig.  54 »  the  numb6^>^f  slots  mu^t  be  even-  For  if 
any  annattire  be  constructed  with  two  conductors  per  slot,  as 
shown  in  Plate  19  and  succeeding  plates,  then  to  change  it  to 
one  conductor  per  slot  would  mean  to  provide  twice  as  many 
slots,  and  whether  the  armature  in  the  first  place  had  an  odd 
or  an  even  nuinber  of  slots,  twice  the  number  would  always  be 
an  even  number • 

Plates  19  and  20  show  standard  lap  windings  for  a  < 
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lAp  Viadlzig.  Valtiple.  Cirofhit*  Progressive,  Six 
Poles,  47  Slots,  4f  bosnatator  Bars,  47  Armatnre 
Oolls,  One  Turn  Per  Ooll,  Two  Colls  jper  Slot- 
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Js^  Tlading*  l^altlpls  CiViirait»  BdtrogreBslYe^  Six 
PoXaSy  -47  Slots«  4%  OoBBiatator  B&re»  47  Atioatnre 
Coils.  One  Turn  P«r  Coll.  Tc/o  Coils.  Per  Slot. 
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PLA3I  81. 

iBikv*  'WSaAiOB*     t«o*eir«alt»  Preffr9Mlv«f  Six  PoI«»» 
47.Slj0t8»  47  OooBstatdr  fiwrsy  47  Amatur*  Coils»  OaA 
Turn  Pftr  Co  SI)  Two  Cbila  ^r  Slot. 


•J-    1 
i 


►     ' 


'    T' 


■      • 


^  i 


,  V 


.•  i 


•    «..« 


•j» 


r  • 


<> 


•  ■•  •• 


4 « 


■  * 


•    ? 


«# 

/ 


••% . 


•.  / 


■ 

A. 


A 


1  •" 


.    A 


•     T» 


'X- 


.      > 


•       ■     » 


N 


.   \ 


^   ^ 


•w,^ 

7^"^   ^  - 


-I* 


^.• 


%      ■■■■-» 


.    ^Jf^-^-^.^:,    -- 


•  >' 


^*  • -.r;; 


i. 


i> 


?o:fc«s,  47  8t«t»«  47  Ooggnntatdr  Burs*  47  Antatnr« 
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PflCUftt.  47^  Slots*  47  Conanutator  Bar0«  47  Anoattiro 

Qoils*  Otm'£\ifxi  p«r  Coiltr  Tmc  Ooil*  f%r  Slat. 
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0ix-pol6  machine*  In  each  case  the  oolls  are  ctnsldered  ae 
being  TTOund  cloekwiee*   In  one  inetance  the  general  progression 
arotind  the  armature  is  clockwise  and  in  the  other,  counter 
cloclaTise*  This  results  from  the  throw  on  the  coDmutator  end. 
The  commutator  contains  47  bard^  Starting  at  bar    TSop   1 
the  progression  is  forward  or  bac]nrard»  depending  yxpon  whether 
the  end  of  the  first  ooil  and  the  beginning  of  the  second  coll 
is  connected  to  bar  Vo^i'2  or  No.  47-  Hence  the  obvious  Asmest 
progressive  and  retrogressive*  At  any  Instant  th«re  are  six 
slots  whose  wires  have  a  sero  electromotive  force*  Therefore 
the  coimmitator  bars  connected  to  these  conductors  will  mark  the 
approximate  location  of  the  brteshes* 

Tb«re  ia  praotleaXly  no  difference  between  the  pro^preselve 
and  the  retrogreaalTe  lap  winding*  They  produce  the  same  elee- 
tromotlve  force »  communicate  equally  well,  and  an  armature  of 
any  number  of  slots  can  be  wotmd  either  way  from  a  geometrical 
consideration*  Other  things  remaining  unchanged,  the  direction 
of  rotation  Is  reversed  in  the  two  .  .cases,  since  the  current 
throtigh  the  armature  Is  reversed*  Possibly  the  retrogressive 
winding  will  require  a  trifle  more  wire* 

TAVB  TXSDHTO**   a  wave  winding  Is  often  called  a  series  or 
two-*clrcuit  winding,  which  as  a  rule  It  Is,  though  not  neces 
sarlly*  There  are  usually  two  paths  In  parallel  throu^  such 
a  winding  regardless  of  the  number  of  poles*  The  general  form 
of  the  winding  is  shown  In  Elates  21,  22,  23  and  24*  The  heavy 

lines  indicate  the  series  come  ction  of  the  conductors*  The 
throw  of  the  colls,  must  of  course,  be  a  fixed  value*  Tha  pitch 
on  the  commutator  must  also  be  constant  since  the  fin-.8}.3d  v/ind-* 
Ing  is  to  be  perfectly  sinmnetrical.   Following  the  h*5avy  line 
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From  bar  No-  1»  we  pass  throiigh  coile  A,  B  and  C,  touching  the 
commutator  at  bars  17,  32  and  2*  That  is,  with  a  connaitator 
pitah  of  1  and  17,  the  second  round  will  start  with  bar  No.  2, 
the  third  with  bar  No.  3,  etc.    The  brushes  are  located  as 
described  tor   lap  windings.   In  Plate  21  only  two  brushes  are 
shown,   btarting  with  the  positive  brush,  follow  throufsh  the 
winding  clUvclnr/lsp.   When  the  negative  brush  is  reached  it  will 
be  noted  that  one -half  of  all  the  coils  on  the  armature  have  be 
been  passed  over.   The  same  procedure  counterclockwise  will 
take  the  other  half  of  the  conductors.   This  winding  is  then 
two-circuit  and  the  t'A'o  brushes  are  quite  sufficient,  any  two, 
one  plus  and  one  minus >  7:111  dav-  The  addition  of  the  other 
four  brushes  would  practically  amount  to  Increasing  the  size 
of  the  ones  ehovm  sine  e  three  brushes  of  like  sign  would  be 
only  one  coil  apart.   If  all  the  wire  were  rer.oved  fror:  this 
armature  and  opened  out  the  location  of  the  bnashes  vould  be 
as  shown  in  Pig.  55.   "Shen  the  line  current  becomes  too  large 


Ar  rr»  of  J  re    W]re. . 


Pig.    56. 

for  a  given  size  of  brush,   the  other  brushes  may  be  added  simply 
as  an  easy  means  of  increasing  the  area  of  brush  con^act  ^ith- 

» •  ■ 

out  increasing  the  length  of  the  ccrat^utator.   Plate  21  shows  a 
progressive  winding  for  the  same  reason  as  explained  in  the  case 

-  -  * 

or  lap -wound  machines.      It  may  also  be  wound  retrogress ively,   as 
shown   in  Plate  22.     With  a  cominutator  pitch  of  1  arxi  16,   once 
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aroxmd  tlid  coxmmitator  engages  bars  1^  16,  31,  46,  the  second 
round  starting  at  46,  which  is  two  bars  back  of  !•  Beginning 
with  the  positive  brush  and  following  through  the  winding  clock- 
wise  to  the  negative  brush,  only  one-fourth  of  the  winding  will 
be  passed  over*  The  winding  is  therefore  f our-'C ircuit  or  two- 
circuit  double  wound.  For,  beginning  with  the  two  wires  leading 
clock'^wise  from  bars  1  and  47,  they  follow  around  the  anoature  ' 
in  parallel  and  end  at  bars  46  and  45 ,  respectively.  The  second 
round  ends  with  44  and  43,  which,  taken  as  a  unit,  is  adjacent 
to  46  and  4S.  The  brushes  must  be  wide  dnou£^  to  cover  two 
segments  and  thus  collect  current  from  each  circuit*  This  is  a 
source  of  considerable  trouble,  since  it  is  difficult  to  maintati 
a  good  reliable  brush  contact  with  wide  brushes  covering  two  or 
more  segments.  7or  this  reason  this  particular  form  of  w^ve 
winding  Is  not 'much  used.   7ig.  66  shows  the  arrangement »  wire 
removed.  Obviously,  the  total  voltage  generated  by  this  winding 


will  be  one  half  that  generated  by  the  one  shown  in  Plcte  21  and 
the  current  capacity  of  the  armature  will  be  twice  as  great. 

Whether  a  wave  winding  is  made  retrogressive  or  progres- 
sive  depends  upon  the  geometrical  solution.  Vith  six  poles  and 
47  slots  the  winding  can  only  be  two-circuit  when  wound  progres- 
sively. Had  there  been  49  slots  the  winding  would  have  been  two- 
circuit  retrogressive  with  the  same  pitch  on  the  commutator. 
For  all  wave  windings  the  number  of  slots  on  the  armature  for 
any  given  machine  are  made  some  convenient  multiple  of  the  . 
number  of  poles,  plus  or  minus  one.  This  will  give  either  a 
retrogressive  or  a  progressive  two -circuit  solution  for  miy  nump- 
ber  of  poles. 

Practically,  all  wave  windings  are  wound  two-circuit.  To 
accompliah  this  the  only  geometrical  requisite  is  that  the  first 
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time  around  tlxe  conunutator  the  v/ire  ends   on  a  bar  adjacent  to 
the  bar  of  startlnf ,   cither   forv;ard   or   backward.      The  n^aniber  of 
Blots,    coils  per  slot,    axid  poleb  will  ve>-y  quickly  det   r:  ine    the 
fjeometrical     construction.      Certain  combinations  require   the 
dmission  of  one  conurutator  bar.      Others   require   the  omisgion  of 
one   coil,     l  ometimes  a  coil  and  a  bar  are  both  orcitt^d  and  some 
combinations   cannot  be  wound  at  all.      It   is    interest inf      to  note 
that  whether  a  wind  inn   is  lap  or  wave  depends   in  no  wise  upon 
the  th^^w  of  the  coils,    but  upon  the  connection  of  the  v/ires 
to  the  comxmitator. 


>  — 


Fig.    56. 
It  will  be  noted  that  a  change  from  profiressive   to   retro- 
gr«8Slve  winding  reverses  the  polarity  of  the  terminals  of  a 
generator,  and  the  direction  of  rotation  if  a  motor.      It  some- 
times happens  that  such  an  armature  is  to  be  wo^jn-'.  with  foiir 
colls  per  slct.     This  means  that  there  will  be  twice  as  many 
commutator  bars  as  there  are  slots,  which  will  of  course  result 
In  an  even  number  of  bars-      In  which  ease   it  may  be  necessary 
t6  omit  one  bar  and  one  coll.      Such  omitted  parts  are  referred 
to  as   idle.     This   la,  however,  a  f^ec-me trical  problem.      As  a 
rul3   the   «J:'30it3tr  icai  a.-r^r. ptv^eut  can  basx  be  vorlcerl  out  by 
construe  t.rnr  ^.r^.  achv.:.l   dlj.grr-  or  avra.:f-inc  a  table   of  slot 

rathe:*  than  by  formuiue   calculations. 
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T^IKDEJG  POPBCULAE 
The   following?  fonnalae  will  assist  the  student  in  determin- 
ing the  pitch  of  the  coils  for  the  different  windings. 
If  we  let, 

y     -  the  average  pitch 

y^  -   the  pitch  of   the  conmutator  end. 

y^  •  the     pitch  at   the  back  end  of  tlie  armat^are* 

c     =  the  number  of  conductors  on  the  armature. 

b     •  the  number  of  turns  per  armature  coil. 

6     =  the  number  of  armature  coils. 

n     =  the  number  of  poles. 

p     *  the  number  of  pairs  of  poles. 

m     =  number  of  v.indinf;s;    that   is,   the  number  of 
circuits   In  2>arallel  and  extending  entirely  around  the  armature. 

Hultiple  Circuit,   Single,  Multipolar  Dnam. 
This   is   the  most  common  of  all  multipolar  dnjm  windings. 
The  pitch  at  one  end  must  exceed  the  pitch  at  the  other 
end  by  2,   for  a  single  winding,  I'  being  equal  to  !•      each  of 
these  pitches  being  odd. 
Tlierefore,- 

Yl       r         Y^  .  2 

Ifultiple  Circuit,  Multiple  TToimd,  Multipolar  Drum  Windings. 
These  require  more  than  tro  sets  of  brushes  and  are  lap 

windings.   The  number  of  coils  must  be  even,   y  must  be  a  little 

26 
less  than  -— —  ^  Y  and  Y,  must  be  odd,  and  differ  by  2m« 

n 
therefore, 

y^       «    y^  •  2ta  (73) 
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TVPtB  OF  POLE  PIEt  hS  AND  COILS. 


TVPrCAT.  FIELD  POi.RS  AND  COILS. 
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Two  Circuit,  Single  Tound  Multipolar  Bna  Vlndlngs* 


For  this  winding  28  s  n  x  y  f  2; 

8  fl 


(74) 


A8  a  rule,  y  •  y^  -  yi»  btt*  ^^  *nd  y^nay  b«  permitted  to 
differ  by  2.       '  yQ  and  yi  mast  alwaye  be  odd,  even  when 
y  Is  not  an  odd  number* 

CALCULATION  OP  THE  VISLDS  A2D  FI3LD  TlllSnma. 

In  design  ins  the  fields  and  field  windincs  for  direct 
current  motors  and  generators,  the  principal  points  to  be 
considered  asare  as  folloTrs:- 

1-  The  typo  of  fields  to  be  used. 

2*  The  proper  length  of  the  air  gap- 

3*  The  materials  to  be  used  in  the  different  parts  «f  the 
magnetic  circuit,  and  the  magnetic  densities  to  be  used  therein 

4*-  The  distortion  of  the  field  in  tlie  air  gap* 

3*  The  proper  shape  and  size  of  the  pole  faces* 

€-  The  dimensions  and  the  reluctance  of  the  teeth  and  sloti 
to  accomplish  the  desired  regulation  and  commutatiom 

.  7»  The  calculation  of  the  iron  losses  occurring  in  the  con 
of  the  armature* 

8«  The  calculation  of the  shunt  and  series  windings. 

9**  Uechanical  details  of  construction* 

As  has  been  heretofore  stated,  multipolar  types  of  fields 
are  now  imiversally  used  in  this  country  in  all  but  small 
machines,  so  that  the  designer  has  only  to  decide  upon  the 
proper  number  of  poles  to  be  used  and  the  percentage  of  the 
armature  to  be  covered  by  the  poles,  in  order  to  begin  the 
calculations  of  the  magnetic  circuit. 
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The  zdaterlalB  used  In  the  different  pert  long  of  the  magnett 
circuit  are  generally  as  follov;s:  Field  cores  of  cast  steel  or 
sheet  steel,  usually  the  latter;  yoke  of  case  iron  or  cast  steel 
armature  core,  sheet  steel* 

The  use  of  lauinated  pole  pieces  is  now  quite  universe, 
owing  to  the  consequent  reduction  of  the  eddy  current  losses  in 
the  pole  faces.   If  solid  poles  are  to  be  used,  the  teeth  and 
Blots  of  the  armature  core  should  be  very  narrow*   The  laninated 
poles  nay  be  cast  into  the  yoke,  or  bolted  on,  present  practice 
tending  to  the  latter  method,  due  to  tlie  ease  v/ith  which  a  field 
coil  may  be  removed;  and  the  fact  that  it  permits  of  a  certain 
amount  of  adjtistment  and  gives  a  greater  uniformity  of  reluc- 
tance  of  the  Joint* 

Cast  iron,  of  a  good  grade,  may  sometimes  be  used  to  ad- 
vantage in  the  yokes,  especially  where  cast  steel  would  need  to 
be  worked  below  an ^CimomlcaLL  density  or  else  be  nu;dc  so  light 
as  to  be  unstable  and  present  a  weal;  appearance.  In  cases 
where  the  yoke  andpoles  are  to  be  cast  of  the  sane  imperial, 
cast  steel  should  always  be  used,  except  perhaps  in  very  small 

r 

machines,  where  good  cast  iron  may  advantageously     he   used* 
Small  motors,  such  as  fan  motors  and  those  of  like  capacity 

are  often  made  with  their  poles  and  yokes  of  laminated  metal, 

the  two  being  stanqped  in  one  piece,  and  then  built  up  tmtil  the 

desired  cross  section  is  obtained* 

The  armature  cores  of  generatorB  and  motors  are  always 

made  of  laminated  metal,  usually  sheet  steel  having  as  low  a 

hysteretic  constant  jblb   is  obtainable* 

The  magnetic  densities  to  be  used  in  the  air  gap  of  machine 

can  be  approximated  from  Table  XX^/I,  Page  160,  and  the 
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deniltl^t   to  be  ustd  In  armature  corae  below  the  teeth  from 
Table  XJCVIl,  Page  ISO.     The  density  to  the  field  core  la  usual- 
ly made  to  be  considerably  higher  than  tliat     In  the  air  gap,  by 
making  the  area  of  the  pole  face  somewhat  greater  than  the  area 
of  the  core* 

The  density  to  be  used  In  the  field  core  vUl  depend  of 
course  upon  the  material  of  which  the  cores   is  to  be  made,  and 
is  generally  within  the  llnlts  of  densities  corresponding  to 
values  of  H      of  from  15  to  50  ^   or  above  the  bend  of  tiie  curve 
and  approaching  saturation* 


ARUATURK  RSAOTIOff. 
Before  taking  up  the  methods  of  calculating  the  H,K«F-    for 
the  different  parts  of  the  magnetic  circuit »    it  will  be  v;ell  to 
consider  the  effects  which  the  ciarrents  in  the  armature  have  on 
the  flxflc  of  the  fields  in  the  air  gap*     Suppose  the  machine  to 
bo  running  at  no  load,  with  the  brushes  at  the  neutral  point 
of  the  field,  that  io,  midway  between  the  pole  tips^     Ve  will 
have  an  approxlmatbly  uniform  distribution  of  the  flux  lu  the 
air  gap  vyiider  the  poles ,  as  indicated  In  Fig.   57. 
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How  if  current  be  drawn  from  the  armature,  the  position  of 

« 

thm  brushes  remaining  the  same,   the  current  in  the  armature 
coziductors  will  magnetise  the  annature  core^   independently  of 

m 

the  field  aagnets,  producing  poles  In  the  plane  of  coxomutation. 
As  shown  in  Fig.  589  the  .  ipath  of  the  flux  produced  by  the 
araiatTire  ainpere  turns  is  such  that  the  flux  \ander  the  leading 
pole  tip  is  diminished  and  that  under  the  trailing  pole  tip  is 
increased,  so  that  with  full  load  current  flowing  in  the  arma- 
ture, we  could  get  a  distribution  shown  in  Pig-  59*  This 
effect  is  called  the  **armature  cross  magnetisation**' 

But  it  is  not  possible  to  leave  the  bxnishes  at  the  neutral 
point  when  current  is  being  taken  from  the  machine,  eihoe  the 
requirements  for  commutation  or  reversing  the  curreat  in  the 
coll  which  is  to  be  transferred  from  one  side  of  the  brush  to 
the  other,  consists  in  so  placing  the  brushes  that  when  the  coil 
reaches  the  poaition  of  ehert-eircuit  under  the  brueh,  it  shall 
have  Juat  arrived  in  a  aaenetie  field  of  the  direction  and  inten- 
slty  necessary  to,  reverse  the  current  it  has  JtMt  been  carrying, 
and  to  build  up  the  reversed  current  to  a  strength  eqoial  to  that 
or  the  current  in  the  circuit  of  which  it  is  about  to  become 
a  i>art*  In  such  a  ease,  there  will  be  no  spark  when  the  coil 
passes  out  fn>m  the  position  of  short-circuit  under  thei  brush* 
Hew  it  is  plain  that*  as  the  current  delivered  fzom  the  machine 
is  increased,  it  will  require  a  stronger  field  to  reverse  in 
the  coil  this  stronger  current.  Ifo  must,  then,  novo  the  brusbts 
trtm  the  neutral  point  into  a  field  of  the  required  strength* 

He  now  have  between  the  tips  of  the  poles  a  band  of  cpnducV 
ors  carrying  current,  the  effect  of  which,  is  to  produce  an 
M.lf.F.  in  direct  opposition  to  that  o7  the  field  magnets,  which 
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reduces  the  effective  flux  and  the  developed  E.U.P.  This  la 
the  armature  "demagnetising**  effect,  as  shovm  in  Fig*  60. 

Ab  a  consequence  of  armature  reaction  and  inductance,  it 
becomes  necessary  to  limit  the  value  of  the  armature  anqpere 
turns  per  pole  to  such  €m  amount,  (at  full  load  current)  as  shall 
not  too  greatly  interfere  xrith  the  distribution  of  magnitude  of 
the  magnetic  flux  set  up  by  the  field  magnets.   It  is  further-- 
more  necessary  to  make  each  armature  coil  between  adjacent 
segments  of  so  low  inductance  as  ^o  permit  of  the  complete 
reversal  of  the  current  by  means  of  the  residual  flux  in  the 
commutator  field. 


The  location  and  magnitude  of  this  residual  flxix  is 


V  .  * 


determined  by  the  number  of  armature  ampere  turns,  the  position 

* 
of  the   brushes  and  the  reluctance  of  the  air  gap,  teeth  and 

slots* 

For  most  conditions  met  with  in  practice  it  is  found  that 
if  the  excess  of  field  ampere  turns  on  the  air  gap  over  the 
armature  ampere  turns  does  not  fall  below  SO  X  of  the  latter, 
a  positive  field  is  formed  under  the  leading;  pole  tip  of  suffi- 
cient strength  to  produce  sparkless  ojt  ration  of  the  machines. 
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Under  these  conditions  it  will  be  foiind  that  the  armature  sanpere 
turns  per  pole  will  fall  well  within  the  limits  of  from  8500  to 
4000  ampere  turns  per  pole,  the  mean  value  being  near  3000. 

With  multiple  circuit  windings,  the  armature  arupere  turns 
per  pole  and  the  volts  per  commatator  segment  may  be  reduced  to 
any  desired  values  by  increasing  the  number  of  poles,  or  on  thA 

« 

other  hand,  if  we  aoBiime  the  limits  of  anaati;)[ve  amperd  turns 
per  pole  and  the  voltage  between  segs^ents,  the  correct  number 
of  poles  is  readily  detenoined,  &e  well  as  he  proper  number  of 
segments  ^ 

If  we  letp 

E  be  the  e.m.f^  of  the  machine^ 

1^   the  total  current  in  the  armature. 

e3  the  assumed  voltage  per  s<^(^eht. 
S"I»  the  assumed  armature  ampere  turns  |S  r  po^t^e. 

t  the  number  of  turns  between  sfegmejits. 

For  a  multiple  circuit  winding,  we  would  haye  for  the  mimber  Of 

segments  per  pole, 

E 

H^     =   (75) 

^         ^s 

and  th*  allowable  anyeie  per  circuit   through  the  arraature,  will 
be, 

!•        =  -— (76) 

SpXt 
from  which  the  required  number  of  circuits  through  the  aniiature 
will  bei- 

la 
b  a  (77) 


which,   for  a  multiple  circuit  winding,    is  equal  to   the  nixmber 
of      ^poles. 
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In  the  case  of  twe-clrcult  windings,  the  values  of  the 
aroature  ampere  turns  per  pole  and  the  oltage  per  eegnent  can  not 
be  adjusted  by  changing  the  number  of  poles,  for  tha  reason  that 
the  current  divides  into  two  paths  through  the  ansature  indepen- 

« 

dently  of  the  number  of  poles »  instead  of  dividing  into  as  many 
paths  as  there  are  poles i  as  In  the  case  of  a  multiple  circuit 
winding  • 

However,  after  the  required  number  of  paths  has  been  found 
by  the  use  of  equation  77^  page  201,  knowing  that  there  are  two 
paths  through  the  armature  for  each  winding*  the  number  of  wind- 
ings  required  is  readily  determined;   calling  for  a  double » 
triple  or  quadruple  winding,  as  the  case  may  be*     It  should  be 
borne  in  mind,  however,   that  if  but  one  set  of  bwushes  are  to 
be  usedy   the  number  of  turns  sliort-circuited  by  a  brush  no 
longer  consists  of  the  nuxnber  of  turns  between  adjacent  seg- 
fflientSy  but  includes  as  many  colls  in  series  as  there  are  poles t 
and  a  hlgjti  reactance  voltage  will  consequently  result  in  the 
short^eireulted  set. 

Ve  shall  now  proceed  to  the  calculation  of  the  anoature 
cross  magnetising  and  demangnetizing  effect,  and  the  ampere 
turns  acting  upon  the  leading  and  trailing  pole  tips* 

Ihere, 

Z*    is  the  current  flDvring  in  each  armature  conductor* 
S*   the  number  of  turns  on  U.e  arasature  per  pair  of 
poles,  which  is  equ.  1  -^o  ;^hr  number  of  conductors 
on  the  armature  divide  I  by  2  x  the  nuzaber  of  pairs 
of  poles- 

The  number  of  araattire  ampere  turns  per  pair  of  poles  will  then 

be  equal  to  S*I*.  and  considering  that  the  brushes  are  placed 

just  under  ths  leading  pole  tips,   the  demagnetizing  armature 

ampere  ttirns  per  pair  cf  poles  will  be,- 

(  S'I»r  X   (1  .  a  )  (78) 
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How  Bince  this  demagnetizing  effect  in   in  direct  opposition 

to  the  m.xn.f.  of  the  poles  and  increases  proportionally  with  the 

armature  current,  it  can  be  counteracted  by  the  ampere  t^arns  of 

the  series  field  winding.   If  (Si)^  be  the  ampere  turns  impres- 

f 

Bed  on  the  air  gap  by  the  shunt  Yrindinp  at  no  load,  the  total 
a]ZQ>ere  turns  to  be  impressed  on  the  air  gap  at  full  load  will 
be  equal  to:- 

(Si)j  f    (S'l')    (1-a)  (79) 

Similarly,   the  cross  magnetizing  ampere  turns  per  pair  of 
poles  will  be, 

S»   I»  X  a 
and  therefore  the  effective  ampere   turns  tending  to  produce  fltoc 
tinder  the  leading  pole  tip  will     be,- 

(Si).        =    (Sl)^  -  a(S»I')  (80) 

*<;t^     and-  the  effective  aiqpere  turns  acting  on   the  trailing  pole  tip 

F    •  m 


«  4 


|rlll  be,: 


(Si)^p     -   (Si)^  ♦  a(S'i«) 


which  is  equal  to:- 

(Si)^p  ♦     2a(snM 

The  distortion  of  the  flvix  in  the  air  gap  may  be  kept 
within  allowable  limits  by  designing  the   teeth  and  slots  so  that 
when  the  no  load  flux   is  passin;;,   the  teeth  v/ill  be  magnetized 
to  a  point  approximatinf;   saturation^.      The  arriiature  anpere;  turns 
will  then  be  lurpressed  upon  a  circuit,   the  reluctance  of  which 
will   increase  rapidly  as  the  flu:^  is   incr  eased;   the  saturation 
of   tlie  teeth  having  an  effect  analogous   to  the  automatic  length- 
ening of  the  air  gap  under  the  trailing  pole  tip,  as  the 
armature  current  is  increased,  which  lessens  the  distortion  of 
the  field  flux- 
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The  distortion  of  the  field  may  also  be  somewhat  diminished 
by  80  shaping  the  polOt  that  the  reluctance  of  the  path  of  the 
fliuc  due  to  the  anaature  azqpere  turns  will  be  great  • 

The  length  of  the  air  gap  between  the  tips  of  the  teeth 
and  the  pole  face  is  determined  by  mechaniceJ.  conditions*  Owing 
to  the  fact  that  it  is  very  difficult  to  center  the  armature 
exactly  with  reference  to  the  poles »  and  that  the  wear  of  the 
bearings  tends  to  increase  this  difficulty,  it  is  not  advisable 
t^  make  the  air  gap  to*  small.  For  machines  of  from  1  to  10  K*V. 
1/16**  is  a  good  value;  from  10  to  40  K.X  ,  3/32  in*,  40  to  100 
K.7.  l/e  to  z/i&   inch,and  in  the  machines  of  large  outputs,  the 
air  gaps  vary  from  l/4  to  l/2  inch,  depending  upon  the  tiiamater 
of  the  armature. 

Having  decided  upon  the  dimensions  of  the  poles,  the  arm^.- 
ture,  teeth  and  slots,  ani  the  length  of  the  air  gap,  we  may 
now  proceed  to  the  calculation  of  the  asqpere  tumi)  required  to 
ftrce  the  fliuc  across  the  air  gap,  teeth  and  slots,  and  knowing 
the  ampw*o  txums  Impressed  upon  different  parts  of  the  air  gap, 
determine  the  resulting  distribution  of  the  flux  in  the  air  gap, 
at  foil  lo6^« 

If  we  let, 

fi<^  be  the  density  at  the  top  of  a  tooth, 

B*^  be  the  derisity  at  the  root  of  a  tooth 

H  the  value  of  K  correspondlns  to  B^  which  also 
represents  th^  density  la  the  slots  at  the  top. 

B*  the  value  of  H  corresponding  to  B«^ 

X  the  width  of  the  top  of  a  tooth, 

y  the  width  of  a  slot, 

z   equal  to  x  f  y,  or  the  pitch  of  the  teeth. 
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1^   the  length  of  a  tooth»  or  depth  of  a  slot.  In  in. 
1^   length  of  a  single  air  gap  in  Inches. 

This  calculation  will  be  carried  out  independently  of  any 
previous  assumptions  relative  to  density  in  the  air  gap  or 
elsewhere  In  the  magnetic  circuit,  and  the  res  tilts  obtained  will 
then  be  applied  to  the  design  proper. 

Begin  by  assuming  magnetic  densities  in  the  tops  of  the 
teeth,  the  lower  value  being  4000  gausses,  and  succeeding  values 
varying  by  2000  gausses  up  to  a  density  of  24000  gausses.  It 
will  be  convenient  to  tabulate  the  assumed  and  calculated  values^ 
and  the  assianed  values  of  B.  will  constitute  column  1  of  this 
table.  The  values  of  B*^  ipay  now  be  calculated  and  placed  In 
column  2. 

How  from  the  B.  A  H.  curve  of  the  Iron  of  which  the  arma* 
ture  core  is  to  be  made,  select  the  values  of  H  euid  TI^  corres- 
ponding to  the  assumed  values  of  B^  and  B'^  and  set  ^hese 

opposite  the  corresponding  values  of  Ba  and  B*j.  in  columns  3 

H  f  H» 
and  4.  H  ,  the  average  density  in  the  slot,  -*^^ — «•   will 

*^  2 

constitute  colxsmn  5. 


Nov  if  ve  consider  a  square  centimeter  of  the  armature 

surface,-—  pT  this  square  centimeter  will  be  toothg  and  the 

s   .         . 

flux  passing  through  this  portion  of  the  square  centimeter  will 

X  y 

be  -*•-  B^;  the  remaining  portion  of  the  square  centimeter  -*--> 

S      *  2 

will  be  slot,  and  the  flxn  passing  throu^  this  portion  of  the 

y 

square  centimeter  will  be  —  H;   these  two  values  will  make 

z 
columns  6  and  7,   respectively*     Now  the  sum  of  the  fluxes  pass- 

Ing  through* the  two  portions  of  this  single  square  centimeter 

will  give  the  total  m^ber  of  lines  per  square  centii^ie.er,   or 

the  average  density  at  the  surface  of  the  armature    (nettle c ting 
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space  between  la&inae  and  thtf  air  ducts)  which  is  the  average 

X  y 

air  gap  density*     So  that  — ••    B^  f  -»•<•  H  will  constitute  coluznn 

s        z 

How  since  some  of  the  space  assxamed  to  be  filled  with  teeth 
Is  really  air  space,  due  to  the  insulation  between  laminae  and 
the  ventilating  ducts,  the  average  density  will  really  be  some* 
what  less  than  that  shown  by  colxann  8.   If  then,  we  multiply 
the  values  of  coliamn  8  by  the  ratio  of  the  net  length  of  iron  in 
the  armature  core  to  the  gross  X6ngth  of  the  core,  we  will  get 
the  actual  air  gap  densities,  B  •  Thdse  values  constitute 
column  9. 

Vow  the  ampere  turns  required  to  drive  the  flux  across  the 

combined  poith  of  teeth  and  alots  will  be, 

H^v  X  It  X  2*54 
(Si)t«  »    ~- (82) 

and  these  values  may  now  be  calculated  and  tabulated  in  column 
10. 

The  axqpere  turns  required  to  force  the  average  air  gap  den* 
sities  across  the  air  gap  will  be,- 

(Si)a«     »         -5- * (83) 

the  values  derived  from  this  equation  constituttkng  colison  11- 
If  we  now  add  corresponding  values  to  columns  10  and  XI t 
the  sums  will  represent  the  asq;)ere  turns  required  to  drive  the 
different  flux  densities  across  the  air  gap,  teeth  and  slots ^ 
(Sl)^,  the  values  constituting  column  12* 

A  curve  should  now  be  plotted  with  the  values  of  average 
air  gap  densities,  column  9,  as  ordinates,  and  the  corresponding 
total  ampere  turns  (Sl)^*  column  12  as  abclssae*  This  curve 
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represents  then^  the  average  density  which  v;ill  be  obtained  in 
the  air  gap  for  different  values  of  effective  ampere  turns  im- 
pressed upon  the  air  gap»  teeth  and  slots • 

17ow  in  equation  80 9  page  203  and  equation  81,  page  203 , 
we  have  a  means  of  ealcxilati^n  ^he  effective  smpere  turns  acting 
on  the  leading  and  trailing  pol^  tips*  Upon  the  assumption  that 
the  strength  of  the  comniutatlng  field  at  full  load  should  be 
Just  that  sufficient  to  produce  In  the  short*-c Irculted  coil,  a 
current  equal  to  that  which  must  flow  In  the  coll  after  It  has 
paiBsed  from  under  the  brush,  which  Is  I*,  the  e«m*f»  to  be 
developed  by  the  short-circuited  cell  due  to  its  cutting  the 
lines  of  force  in  the  comroutatlng  field,  must  be  equal  to, 

eflc  =  I'  X  tr^  ♦  rij)  (84) 

where , 

r^  is  the  resistance  of  the  coll. 

r^j  is  the  resistance  of  the  path  from  one  segment,  through 
the  brush  to  the  adjacent*  segment. 

The  resistance  of  the  coil  is  easily  determined,  knowing 
the  length  of  the  conductor  and  its  cross  section- 

The  resistance  of  brush  itself  is  negligible  in  comparison 

with  the  resistance  of  the  contaot,  the  resistance  of  the  latter 

being, 

2  X  r'i> 
rt  =  — 

where , 

r'b  Is  the  resistance  per  sq.  inch  for  the  outwent  density 
at  which  th^  brush  is  operating, 


Ag  being  that  portion  of  a  commutator  segment  in  contact 
with  one  set  of  brushes. 

The  required  edensity   in  the  com  utating  field  to  produce   Ja 
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the  ahort-circnited  coil  the  e.m. f.    e  ^  will  then  be, 

lO®  X  ec 

•-•,  ^^  ^_    ^^   ^^  ^^  ^_  __  ^^  ^^  ^^^  — p  ^^   ^^  ^^  -^  ^^  ^^  ^^  ^^  ^^  ^^ 

c 


(85) 


L"  y  t  X  V    X  2 


where , 


V  is  the  peripheral  velocity  of  the  coll  In  centiaAters 
per  second. 

li"  Is  the  length  (effective)  of  the  armature. 

The  point  B^  may  now  be  located  on  the  curve,  and  the 
correBponding  abci&sa  may  be  taken  as  the  effective  ampere 
turns  on  the  leading  pole  tip,  ^^1)^  .   If  now  we  lay  off  from 
the  point  (SDj^p  the  value  of  2a(S*I'),  we  will  get  the  abcissa 
corresponding  to  the  Q,ir^ere   turns  effective  on  the  trailing  pole 
tip,  and  the  ordinate  of  tills  poltit  will  be  the  density  under 
the  strong  pole  tip.  The  curve  between  these  two  abclssae 
represents  the  distribution  in  the  aif  gap  at  full  load,  ajfid 
the  average  full  load  air  gap  density  may  be  found  by  integrat- 
ing the  area  between  the  abclssae  (Si),   and  (Si)^  and  finding 
the  mean  ordinate  of  the  area,  which  will  be  the  average  full 
load  air  gap  density. 

Th6  value  so  found  should  be  made  to  check  fairly  closely 
with  the  absimed  value  of  the  no  load  air  gap  density  multipllec 
by  the  ratio  of  the  no  load  e.m  f*.  to  the  developed  e«m.f.  at 
full  load  as  given  by  equation  65,  page    155 •   If  the  differ- 
ence be  slight,  it  may  be  adjusted  by  shifting  B^  up  or  down 
on  the  curve  as  may  be  required-   If  however,  the  discrepancy 


be  considerable,  the  proportions  of  the  teeth  and  slots  must 
bo  altered  to  produce  a  distribution  curve  which  will  have  the 
proper  mean  ordinate- 
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The  abclbsa  corresponcint;  to  the  mean  ordinate  of  the  area 
will  be  the  required  value  of  (Si)^^,  the  shunt  aznpere  turns  at 
full  load.   In  machines  designed  to  give  constant  potential 
at  the  terminals  at  aU  loads,  the  full  load  sh\uit  ampere  turns 
will  not  differ  from  the  no  load  value,  but  in  over-compounded 
machines,  the  shunt  aizq^ere  turns  will  increase  as  the  potential 
at  the  tenninals  rises. 

Tl)6  discussion  has  so  far  been  with  reference  to  the  arma« 
ture  reaction  of  generators.   In  the  case  of  a  motor,  the  charao- 
ter  of  the  reactions  are  analogous  to  those  of  a  generator;  the 
reactive  m.m.f.s  interchange  their  points  of  application  as 
regards  the  leading  and  trailinf];  pole  tips,  since  in  a  motor 
the  bnoshes  are  given  a  lag  Instead  of  a  lead*   The  armature 
ampere  turns  tend  to  demagnetize  the  field,  as  in  the  case  of  a 
dynamo,  but  the  cross  magnetizing  eorqpere  turns  produce  a  strong 
field  under  the  leading  pole  tip  and  weaken  the  flux  under  the 
trailing  pole  tip* 

If  a  machine  be  operating  as  a  generator,  it  may  be 
operated  as  a  motor,  without  changing  the  position  of  the 
brushes,  the  direction  of  rotation  being  reversed* 

If  ff  be  the  fltuc  in  the  air  gap  under  one  pole  at  no  load, 
the  no  load  value  of  the  flux  in  the  field  core  will  be,  ^,x\ 
where  K  is  the  coefficient  of  leakage,  chosen  in  accordance 
with  the  values  given  in  Table  XXXVII,  for  multipolar  machinee* 

The  net  area  of  iron  in  the  cross-section  of  tl%%  field  core 


will   then  be. 


jTxX 


Bq  X  6.45 
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where, 

b^   Is  the  assumed  no  load  value  of  the  density  in  the 
field  core. 

A^  the  net  area  of  the  iron  In  the  field  core  in  sq.  in. 

If  the  length  of  the  field  co^e  in  a  direction  parallel  to 

the  ehaft,  be  equal  to  the  length  of  the  armature  core,  v/hich 

accords  with  the  usual  practice*  the  thickness  of  the  core,  for 

Ac 
a  solid  core  will  be  equal  to  — -  ,  but  if  the  core  is  of 

L 
laminated  iron,  the  thickness  must  be  increased  in  t}ie  ratio 

of  the  gross  to  the  net  length  of  iron,  the  thickness  becoming 

in  this  case, 

^c 
. 2_  (87) 

L  X  f 
The  cross  section^of  the  yoke,   for  a^multipolar  machine 
will  be, 


*y 


2  X  B     X  6.46 


(88) 


wliere» 


6  Is  the  assumed  no  load  value  of  the  density  in  the  yoke 

TABLE  X5D0/II. 
LEAKAOE  COBPPICIESTS  POR  JCULTIPOLAR  FIELDS. 

Capacity  in  K.'ill^.        Leakage  Coefficient. 

1  1.36 

2  1.25 
5  1.20 

7  1.18 

10  1.16 

25  1.15 

50  1,14 

100  1 . 12 

200  1 .11 

300  1.  XO  ' 

600  1.09 

1000  1.08 


:! 


The  ero88  section  of  the  armature  core  belew  the  teeth 


will  be^ 


2  X  B-  X  6.45 


where 9 


A^^   is  the  net  area  of  Iron  In  the  cross  section  below  the 
teeth. 


B**     is  the  assvimed  no  load  value  of  the  density  in  the 
core  below  the  teeth* 

The  depth  of  the  iron  below  the  teeth  will  then  be» 

d^       5         ~ (90) 

""  LX  f 

wharet 

L  is  the  ftrofts  length  of  the  armature  core  in  inches. 

f  is  the  percentage  of  the  len^gth  which  is  iron* 

Ho  rule  can  be  laid  down  for  the  determination  of  the 
length  of  the  poles  radially.       Usually  a  length  eq^ial   to  about 
1.25  to  1*75  times  the  width  perpendicular  to  the  shaft  will 
give  a  good  proportion*     Soxiietimes  it  is  necessary  to  make  the 
pole  longer t    in  order  to  accomnodate  the  shunt  field  and  series 
coil;   often  it  can  be  made  shorter  than  indicated  above. 
Generally  speaking,   thepoles  should  not  be  made  longer  than 
necessary,   for  this  lannecessarily  increases  the  outer  diameter 
of  the  yoke  and  the  size  and  weight  of  the  laaehine* 

Having  determined  the  general  dimensions  of  the  machine 9  a 
drawing  of  a  portion  of  the  magnetic  circuity   as  shown  in 
Fig*      '    ^9,  shovtld  be  made  to  scale.     From  this  the  length  of 
the  magnetic  circuits  to  the  different  parts  are  readily  deter* 
mined ^  by  measuring  the  mem  paths*     Since  each  complete  path  of 
the  flux  la  surrotmded  by  two  field  coils,   it  is  only  necetsary 
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for  one  cqij  to  supply  the  xa.m.f.  necessary  to  drive  the  flxrx 
from  the  center  of  the  yoke  between  poles  to  the  mid  poino  of 
th6  armature  core  corresponding. 

Prom  the  lengths  of  the  paths   in  centimeters >  and  the 
values  of  H,    corresponding  to  the  densities   in  the  differc^nt 
parts,    the  ampere  turns   to  be  provided  by  the  shunt  coils  may  oc 
calculated. 

The  ampere   turns  required  by  the  air  gap,   teeth  and  slots 
at  no  load,  may  be  taken  from  the  curve  already  plotted,   this 
being  the  abcissa  corresponding  to   the  no  load  air  gap  density. 

The  sise  of  wire  to  be  used  in  the  shunt  field  winding  may 
be  calculated  by  the  use  of  a  modified  form  of  equation  20^ 


page  75. 


(m) 


(K)  X  L»   X  n  X   (Si) 
12  X   (B»^  -  Ej,) 


(91) 


where , 


n   is   the  nixmber  of  coils   to  be  placed  in  series. 
B*^   is   the  potential  between  the  points  to  which  the   temiina]fl 
of  the  shunt  winding  are  to  be  connected* 
B^  is  the  drop   in  volts  due  to  the  field  rheostat,  which 
is  usually  from  15^  to  20  ^  of  B»  • 

The  tenqperature  of  the  field 


winding  should  not  exceed  60^  C« 
for  continuous  operation,  at  ftill 
load.     For  economy  in  copper  it 
is  advisable  to  operate  at  a 
temperature  somewhat  near  this 
value . 
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vTV^'-O^ 
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Allowing  then  a  temperature  rise  of  40*^  C.  above  the  air, 
we  have,  as  a  modification  of  equation  21,  page  78,  for  the 
value  of  the  current, 

S  X  40 


I 


*  85  z  E. 


(92) 


,  ! 


I 


rnhBre^  S  Is   the  external  area  of  the  coll  exposed  to   the  air* 

B^   Is   the  potential  measured  around  the  terminals  of 
one  coll. 

The  radiation  of   ihe  coll  v/ill  be    increaaed  by  leaving  a 
space  of  about  l/s   Inch  betv/een  it  and  the  pole,   which  admits  of 
a  circulation  of  air  between  the  windxng  and  the  pole.      Some 
radiation  wUl-also  take  place  froii  the  ends  of  the  coil,   so 
that   in  calculating     the  radiatiup:  area,    it  may  well  be  assumed 
that  one  square   inch  of  tiie  ends    is  equal   in  radiating  value  to 
about  1/2  that  area  on  the  cylindri.-^al  surface. 

It  will  be  found  that  usually   the  current  density  in  the 
field  winding  will  fall  within  the   lj:..lts  of   frCm  800  to  1200 
Cm)    per  ampere.      The  calculations   slio-uld  be  carried  through 
until  the  required  area  checks  v/ith  that  assumed  for  the  winding 
space,   just  as   in  the  case  of  axi  electromagnet.      If  the  winding 
comes  out  too  deep,   and  tho  radiatLig  area,  too  small,    it  will  * 
be  necessary  to  33  ng then  the  pole  and   the  coil.      In  assuming 
the  length  of  the  coil  for  the  shxmc  v/indlng,   a  sufficient  space 
should  be  left  to  provide  for  tht  3cris8  plnding,  which   is 
usually  placed  at  the   end  of   the  pcl«  ne?.rci3t  the  annature.      In*  I 

■ 

I 
small  mac^xines,    the   shunt  and  ce-rl'^^  v.l-iAIng  iaay  be  supported  on 

the  same  3pool.      In  iflachinoa   of  v^r^;  l'>-*.r;vw  ci?/oput,   the   seriea 

coil   is   sciae-^lmea  moiinted   ir.iep^nderxtly  of  the  shunt  coil,    in 

order  to  secure  more  re^diating  area. 
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The  voltage  to  V:   «>Yelop6d  at  full  load  may  be  calctilated 
now^   and  tlie  series  azup  rre  turns  necessary  determined* 
The  e.m.f.    to  be  developed  at  full  load  will  be,-* 

E     =     E'      ♦  la   t^  ♦  ^b  ♦  ^8^  t  ^2^ 

Inhere  1 

B*  Is  the  full  load  e.u.f.  at  the  terminals- 

B  »  Rw  and  R^  being  the  resistances  of  the  armature  wind- 
ing respectively.   The  resistauice  of  the 
series  winding  being  assumed  according  to 
the  directions  given  on  page  152;  it  will 
usually  be  from  -5  to  .76  of  the  value  of 

R  . 

a 

As  stated  on  page  155,  the  Increase  of  potential  necessary 

to  overcome  the  various  droi)s  at  full  load  is  obtained  by  slight 

ly  increasing  the  flux  In  the  air  gap  as  the  load  comes  on  the, 

machine •  The  density  in  each  portion  of  the  magnetic  circuit 

will  at  full  load  be  increased  to  a  value  equal  to  the  no  load 

E 
density  multiplied  by  the  ratio  ^*--  From  the  values  of  R, 

»o 
corresponding  to  the  ftQ.1  load  densitiesi  the  asqpere  turns  for 

each  part  of  the  circuit  may  be  calculated*  To  these  must  be 

added  the  back  ampere  turns  of  the  armature  t  so  that  the  full 

load  value  of  all  the  shiont  and  series  ampere  turns  nust  be, 

2  HI 

tSi)^4«  =   f  (Si>^  ♦  (S'iMd  -  a)    (94) 

^*®       1.257  * 

Inhere, 

US  Hi  is  the  value  of  the  gilberts  for  the  pole  piecA» 
the  yoke  and  the  annature  cftore  below  the  teeth« 


• 


(Si)^  the  full  load  valxie  of  the  axzpere  turns  to  be  im* 
pressed  upon  the  teeth  and  slots ,  which  is  the 
abcissa  of  the  mean  oxxlinate  of  the  area  on  the  curve 

(1  •  a)  (8* I*}  the  demagnetizing  ampere  turns  of  the  armature. 

How  if  we  subtract  from  the  total  aiqpere  turns  at  full  loa^ 

the  antpere  turns  due  to  the  shunt  windings  the  remainder  mujit  be 
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supplied  by  the  series  winding,    so   that  the  series  ampere   turTis 


will  be, 


(Si)3     e      <Si)jAg  -    (Si)j  (95) 


and  the  n\aaber  of  series  tnrns  will  be, 

8         .     .Mil'...  „6) 

I 

As  explained  on  page  209,  for  a  machine  developing  constant 
potential  at  the  terminals,  the  shunt  ampere  turns  at  no  load 
and  at  fiill  load  will  have  the  same  value,  but  on  ever-compound- 
ed generators,  the  shunt  ampere  turns  at  full  load  will  be  equal 
to  the  no  load  value,  multiplied  by  the  ratio  of  the  full  load 
e.m»f.  between  the  armature  terminals  (for  a  short  shunt  con- 
nection) to  the  no  load  e  .m. f.  between  the  same- points*   There- 
fore the  full  load  value  will  be, 

B  X  (Rg  X  I) 
iSDf       s      (Si).   X  ~ - •  (97) 

^o  B^ 

The  number  of  series  turns  placed  on  a  pole  shDuld  not  be 
made  a  whole  number,   but  should  be  the  nearest  whole  n\:uiiber 
given  by  equation  96  *  or  -  1/2  a  turn,    so    that  the  ends^of  a 
coil  will  come  on  opposite  sides  of  a  coil  eind  facilitate  con- 
nection betv;3en  adjacent  coils*      If  using  such  a  nuirbar  v/ill 
not  give   the   required  value  of    (Si)g,    then  the   series   ceils,   as 
a  whole,    s}a.ould  be   shunted  by  a  resistance   of  such  a  va3ue   that 
the  proper  current  will  flow  through  tlie   ser-'.eri   .vindiup^   to   give 
the  required  ampere  turns.      The  series   cor.jict:)r   I30   '=?:^-^.ll 
machines  may  be  of  round  wires,   but   in  macl:\r.'i:  >  ^.i   la.rc,-r  sizes, 
Jt  should  be  rectangular   in  cross  section,   U6v?.lly  wounu    in  a 
single  layer,   with  the  strips  on  edge.      The   crcs.^   L^otii.n  r-hculd 
be  such  that  the  temperature  will  not  rise  above   the  ailov/able 


i'.r  ; 


/ 
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value*   and  the  drop  be  within  the  llnits  which  have  already 
been  specified* 

The  percentage  which  the  ahunt  field  current  will  be  of 
the  total  arsiat'ire  current  varies  with  the  output  of  the 

machine  • 

CALCULATIOH  0?  CORE  lOSSBS- 

In  detemlnlng  the  core  loss  v;h.lch  will  talre  place  In  a 
machine  yet  to  be  built ,  it  is  necessar/  to  resort  to  the  use  of 
emprical  fonnulae*  Several  znetliods  of  calculating  the  iron 
loss  which  v/ill  occur  in  a  mass  of  iron  in  which  the  flux  is 
^Iformly  distributed,  aad  the  constants  of  the  metal  are  laiovm 
®*tst,  but  elnce  in  the  core  of  the  armature  of  a  dynexao,  the 


is  not  uniformly  distributed,  and  the  distribution  changes 
^  ^*^  ^"^lA  a  change  in  the  load,  these  formulae  v/ill  not  apply. 


ther  the  eddy  current  losses  occurring  in  the  faces  of  the 
Zle  and  in  the  core  of  the  armature,  are  ^'ery  difficult  of  cal- 
lation,  since  these  are  affected  by  the  machine  work  on  the 
^)ron,  the  degree  of  insulation  provided  between  the  laminae  and 


the  pressure  v/ith  \7hich  the  sheets  are  held  together.  This 
being  the  case,  it  is  evident  at  once  that  a  means  of  calcula^- 


tlon  based  upon  experimental  results  from  machines  a?^ready  bullli 
will  result  in  greater  accuracy* 

7e  know  that  tlie  iron  losses  will  depend  largely  upon  the 
density  at  which  t}ie  iron  is  to  be  worked  and  the  rate  of 
the  reversals  of  the  flux  in  the  metal,  so  that  an  experimental 
constant  which  may  be  multiplied  by  the  factors,  frequency 
and  flux  density  to  give  the  watts  loss  which  will  occ\ur  in  a 
unit  mass  of  the  metal t  will  be  the  best  and  most  desirable 
f om  f or  the  empirical     equation- 
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In  fig.  17,  page  19  ara  thr«e  curves  giving  th«  core  loss 
In  watts-  per  potuid  of  armature  Iron  ae  abclaeae  and  demeity  In 
the  core  below  tbe  teeth  aRdtlplled  by  the  number  of  cyoles 
per  second  (  as  ordlnatot* 

to  get  the  core  lost  for  a  given  aaehlne,  nultlply  the 
dona  Sty  in  hU«*8«u*MA  below  the  tooth  by  the  mnbor  of  eyelos 
per  MoonAi  with  thia  value  as  an  ordinate,  find  the  cort^opend* 
lag  aboiiMii  tiAileh  will  bo  the  watts  per  pound  of  ansaturs  iron, 
including  th*  '^.iooth* 

rev.  per  aln.  x  pairs  of  poles 

The  number  of  eyolos   *  —•••——— —————.— —4.*<*„t«»w 

60 
ABKATUBB  TBiPBRAITUBB  tilSS  AHD  VHHTZLiHIOir. 
Ab  heretofore  atatod)  the  teoiperatare  rise  of  an  amiaturo 
doponds  upon  Iho  amount  of  energy. daaslpa tod  in  its  e4>re  «nd  oor» 

« 

duetorw  in  the  f«ni  sf  heat*  upon  th*  vttoht  «f  the  fgnisttur* 
siirf(M«  troa  shieh  radiation  takes  plaeo  and  «q^on  tho  wm*n  9ir4<^ 


phatUl  Yslooitjr  of  this  arts* 

In  «o4sra  aaohinoa  tha  radiating  araa  is  aada  latgia  btr  ^hi 
•doptiao  af  tha  ladtipolar  type  of  armatara,  iMUah  is  short  aiiA 
of  large  4if^tar.    Vantilating  dueta  are  also  plaoad  Ih  tha 
IsBinatad  cpt^b  by  placing  vnlti-fingarad  li£^t  brass  Aiatdiksa 
pieooa  batwaaii  aaotiaaa  of  tha  ears;  thaaa  a^ttit  af  a  tr^ 
paaaafa  af  air  19  batwaan  tha  diaea  aa  a#paratad»  and  a«r^ 
tha  eaadKueiara  where  they  apan  tha  ge^pa  aado  by  the  duct  a. 

the  width  of  the  ventilating  dCicta  ie  usually  made  equal  to 
thf  circumferential  width  ef  an  armature  tooth,  or  may  be  loado 
from  1/4  to  1/2  inch  la  width      The  nuaber  used  depends  upon  tha 
radiating  area  necessary  and  the  else  of  the  armature;   it  varies 
Ifroir  one  to  10,  from  two  to  four  beihc  generally  found  in 
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moderate  sized  machines* 

The  radlatinf;  power  of  an  amature  is  G^^^S^d  by  its 
radiation  coefficient,  K» ,  v/hich  may  be  defined  as  the  ratio  of 
the  total  annature  heat    radiation  expreosed  in  watts,  to  the 
product  of  the  area  of  the  armature  surface  (s)  vrhich  revolves 
under  the  pole  faces,  in  square  inches,  and  the  temperatixre  (T) 
of  the  amiature  core  in  degrees  centigrade,  above  t.he  air. 
The  radiating  power  of  an  armature  is  really  dependent  upon  the 
actfAl  radiation  of  heat  from  the  entire  exposed  s^orface  of  the 
armature  core  and  v/indings,  but  it  is  referred  to  the  circum- 
ferential air  gap  surface  in  that  this  furnishes  a  means  of 
comparison  of  tl:;^  radiating  pov/er  of  all  armatures* 

As  a  result  of  a  very  elaborate  series  of  tests  made  at 
Cornell  University,  the  following  conclusions  v/ere  drawn.  (See 
Tlmmerman  's  results,  p.  349,  Trans. A.  I.E. E.  Vol.  10,  1893.) 

1.  That  an  increase  in  the  temperature  of  a  surface 
causes  an  increased  radiation  of  heat  per  degree  rise  in  tern- 

*  • 

parftture,  but  tljat  tlie  rate  o-  increase  diminishes  as  the  tem- 
perature increases,  and  an  increase  in  the  amount  of  heat 
generated  increases  the  temperature  of  the  surface,  but  less 
proportionally. 

2.  That  the  effect  of  the  pole  faces  aoove  a  surface  is 
to  interfere  with  tiie  radiation  of  heat.   As  the  proportion  of 
the  surface  covered  by  the  poles  is  increased,  the  amount  of 
heat  radiated  per  degree  rise  of  temperature  becomes  less- 

3.  As  the  peripheral  velocity  of  a  siirface  is  increased, 
the  amount  of  heat  liberated  per  degree  rise  in  temperature  is 
increased,  but  the  rate  of  increase  becomes  less  as  the  periphei 
al  velocity  is  increased. 

Embodying  the  principles  Just  set  forth.  Table  XXXVIII 

gives  the  radiation  coefficients  for  moving  surfaces-   The 

I, 

values  give  the  number  of  watts  radiated  per  square  Inch  per 
degree  rise  (Centigrade)  in  the  temperature  of  a  surfap^  above 
that  of  the  air  for  various  velocities  and  percentages  of  polar 
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TABLE  XnCVIII. 
RADIATION  COEFPICIMTS. 


Peripheral  vel- 
ocity in  ft. 
per  minute* 

• 

TTatts  radiated  per  degr 
C.  rise  in  tenqperature . 

Value  of  "a" 

.8 

.7 

.6 

.5 

0 

600 

1200 

. 00909 
. 01250 
.01563 

. 01000 
. 01351 
.01639 

. 01063 
. 01429 
.01786 

. 01111 
.01493 
. 01786 

1800 
2400 
3000 

*  01818 
. 02000 
. 02083 

.01887 
. 02062 
. 02128 

.01961 
.02128 
.02174 

.02010 
.02174 
.02222 

4500 
6000 
9000 

. 02128 
. 02174 
. 02222 

. 02174 
.02222 
.02273 

.02222 
. 02273 
. 02327 

.02273 
. 02327 
.02381 

Value  of  "a" 

.4 

.3 

.2 

.0 

0 

600 
1200 

.01162 
.01563 
.01652 

. 01205 
.01613 

.01923 

. 01250 

.01667 
.02000 

.02259 
.01717 
.02077 

1800 
2400 
3000 

. 02083 
.02222 
. 02273 

.02151 
.02283 
.02327 

.02222 
.02;523 
.02381 

.02P70 
. 02381 
. 02439 

4500 
6000 
9000 

. 02327 
.02381 
. 02439 

.02381 
.024:')9 
. 02489 

.02439 

.0v?;e9 

.02530 

.  0l',489 
.CIiii30 
.02530 

enibraee. 

•^— -*"0  — *• 

If , therefore, 


S  be  the  external  cylindrical  surface  of  the  armature 
which  passes  under  the  poles,  in   square  inches. 


^  be  the  external  cylindrical  sur'^acs  of  th 
which  does  not  pass  under  ^Iv^   poles, 


the  armature 
in  square  in* 


Sg  be  the  internal  cylindrical  surface  of  the  armature 
core  in  square  inches. 

S-  the  radiating  surface  of  the  core  and  conductors  at  the 
two  ends  of  the  armature  in  equ?.r<.  inchos. 

S^  the  radiating  surface  presc^rtrid  by  the  two  sides  of  a 
ventilating  duct,  in  square  inches* 
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K,  K • ,  K  ,  K  ,  K.,  the  radiation  coefficient*?  of   these 

^   ^   ^   *  severe!  .c-arfacct? .  roi  rr;r7:^u::ir}g  to  their 
*  ave,'ago  'p^l  i^/io^/a..  v-i^ioc '.» ^1^=^^^  and 

percer/  ^^^  c:,ver^d  by  the  poles* 

U  the  number  of  ventilating  ducts.  ^-v 

SK  h   SiKi  f  S2K2  \   S3K3  X  S4K4     ,  , 

THiere, 

K*    is  the  radiation  coefficient  of  the  armature,   as  de- 
fLned  on  page   218- 

The  temperature  rise  of  the  armature  under  continuous 
operation  at  any  {jiven  load  may  nov/  be  calculated  by  a  modifi- 
cation of  equation  76,  page  153* 

TIT      1     T      P 

T  M  2.1-..^.:?^.^  (99) 


K«   X  S 


Where, 


T   is   the  tenperature  rise  of  the  armature   in  degrees 
Centi^raie  above   the  air,   as  would  be   indicated  by  a 

t-iermoineter. 

Tq   the  c^-e  loss   in  v;atts» 

The  constants   in  Table  XXXVIII  having  been  determined  by 
measurilng  the  temperature  of  th^  p.rTrr^tuis   surface  by  means  of 
a  thermometer,  we  would  expect   equation  99   to  give  similar 
resixlts. 

The  temperature  measured  by  resistc-nce  method,   generally 
equals  about  1.1'5   tl:,at  by  tlie  tl?oru.oai'^ter.    cowing  to   the   fact 
thaty^lia    inne:^'  parts   of   the   core  c.:;6  -.r';  -^  hir-h^r   teirn.^.rature 
than  the  c-:xternal  surface,    30   that    i::   o!*:://"    ic    ;:ot    v  v.   c.vrraal 
temp6ra'Gure  of  the   inner  v/iiid.  .i^,.- ,    th.-.  :•  j."..:''r    '  i'  ciO/c-  Kr:S'\.  99 
should  be  multiplied  by  1»25  and  ?.c.5s'-.    Lo    ihc?   tocipcra-^;:.r3  of  the 
air. 

The   temperature  of   the  mcxhine  slccvld  be   calculated  for  no 
load,    full  load  and  at  25  %  and  50  /^  overload. 
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CAT,CULATION  OP  EFPICIiaTCY. 

Knowing  now  the   output  of   tlie  machine   and  all  tae    Internal 
losses,  with  the   e^cception  of  the  bsaring  friction  and  v/ind* 
age,  which  may  be  aasoned  as   follows:     For  machines  belt  driven, 
ajp  speeds   of  from  lEOO   to  350,    the        capacities  ranging  from 
50   to  500,    these  losses   should     rarxge   fvo^n  3  X  of  the  output 
for  the    smaller  3l:<;es    to  1  /^  in     ie   l^/.-g-.r  machines*      In  genera' 
direct  connected  machinea  hav^e   !),>>v*=tr   Icsojti   ov/ing  to  low  speed 
and  good  aligximent,   usually  from  .5  >f,      to   .35  X>   depending  upo 
the   output  and  speed. 

The   commercial  efficiency  of  a  machine  v/ill  then  .'  ^ , 

—  (100) 

ff  *  '''^a  ^  "^c  *  ^'s   ^^S  f     "^b  *  ^f 

where , 

If  is    the  outpiit   into   the  external  circuit  at  the  load^ 
coml'^.crsd  equal   to   the   terminal  e.m.  f.   x  external    . 

CTuV  .C  O/lt . 

71^  the   1''^  loss   in  the  armature  v/inding. 

TT^  the  core  loss  of  the  annature  and  pole   tips- 

T7g  the  watts  loss   in   the   shunt  winding  and  rheostat. 

7/g  the  watts  loss   in  the   series  winding. 

TT,    the  watts  loss  due  to  resistance  of  brush  contact  resis-^ 
tance. 

Tf^  the  brush  and  bearing  friction  losses  and  windage. 
TTg  W^  and  7^jp..may  be  ai^s-uiiicd  to  b^   tho   Sc*.r,o   for  all  loads,    the 
other  losr.oE   Vtiryinn;  wi"i?   the   current  ov. Irut. 

Th^3  efftoiancy  sncolLd  be   Cc^lc.  i.atct^l   for  a  niomber  of  differ- 
ent loa:i3,    and  a  curv^   oC   ef f  joit-.n.^y   ^-.s   0'rdir.ates   and  v/atts 
output  as   abcissae,    should  be       plotted. 
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Design  No*  6* 

It  Is  required  to  denifn  a  :i.0-5  K*W* ,  high  speed, 
belted,  L.C*  generator,  to  give  a  co/ictant  potential  of  160 
volts  at  its  terminals,  the  temperature  rise  for  continuous 
operation  at  full  load  not  to  exceed  40^  C*  above  the  air. 


This  e*m.f«  has  been  chosen  so  that  the  winding  may  be 
tapped  and  Connected  to  collector  rings,  to  have  a  difference 
of  potential  of  110  volts p  A.C.  between  them- 

By  reference  to  Table  XXIV,  page  146,  we  find  that  the 
number  of  poles  for  a  machine  of  this  output  would  be  4. 

In  order  that  we  may  have  a  standard  frequency  of  the  A.C 
current,  we  will  as  stone  a  speed  of  1800  r.p-n  .  ,  which  v/ill 


give  60  cycles  per  second.  This  speed  is  still  somewhat  below 
the  upper  limit  for  a  machine  of  the  capacity  as  given  in  Table 
XXI,  page  143. 


iy  reference  to  Table  XXV,  page  147,  we  find  the  peripheral 

velocity  for  a  machine  of  this  type  and   output  to  be  from  3600 

to  5500  feet  per  minute;  we  will  assume  4400  f.p.m-  for  the 

armature  surface,  so  that  the  outside  diameter  of  the  armature 

core  will  be,-* 

4400  X  12 
d   -  •- — - — — — ^-    -   9.25  inches,  which 

1800  X 

comes  well  within  the  limits  given  by  Table  XXX,  page  146* 

Assuming  a  ratio  of  length  of  armature  to  v.ic':n^i•;er^  in 

accordance  with  Table  XXX,  page  157,  of  .72,  W3  '/iJl  r.av3  it.s 


the  cross  length  of  the  armature  core,  9.25  x  .VL  "  5.65,  say 
6-5/3  inches. 

In  accordance  v/ith  the  values  given  on   page  2M   ,  we  wilT 


■\ ' 


jS. 


,  --l*- 


ass-ume  a  length  of  air  gap  of  3/32   inches  -   .09375   in.,   so   that 

the  bore  of   the  poles  will  be  «.25   ^aC-OgSTS)    =  9.4375  -  9-7/l§* 

Assuming  70  f^  of  the  anaature  surface  to  be  covered  by  the 

poles,    the  circumferential  width  of  a  pole  will  then  be, 

•  7  X  9.4375  X7T 
. r     5.28,    say  5-1/4   inches,  which 

gives  a  pole  face  6-l/4  x  6-5/6   in,   assuming  a  length  of   the 
pole   to  be  equal  to   the  length  of  the  core,   which  is  a  very 
good  proportion.        The  area  of  a  pole  face  will  then  be, 
5.25  X  6.625  ^  54»7e  sq.    in.      =  224.25   sq.    om» 
1b  have  assumed  a  speed  and  peripheral  velocity  near  the 
upper  limits,   so  we  will  assume  an  air  gap  density  near  the 
lower  limit  I   say  4,150  gausses,   so  that  our  machine  will  still 
have  reasonable  p'^oportions.     By  equation  59,  page  153,   we  have 
(2(  ^  B  X  Ay   so    that  the  flux  per  pole  at  no  load  will  be, 

fif     =  4150  X  224.25  ^  930,000  maxwells, 
and  from  equation  58,  page  152,   the  required  number  of  conduc- 
tors will  be,   assuming   that  we  will  use  a  four  circuit  windings 

160  X  10® 

C    •    — —- .-  t   574  conductors. 

930,000  X  50 
A  better  number  would  be  578,  since  it  is  divisible  by  4t  the 

number  of  poles,  so  we  will  use  578  conductors  and  reduce  the 

no  load  air  gap  density  in  the  proportion, 

4150  X  574 

— -   -  4,130  gausses. 

578 
By  reference  to  Table  XXXII,  page  158,  we  find  45  to  be  tl:«e 

average  number  of  slots  for  an  armature  of  this  diameter;  we  ^^ 

576  ^ 

will  use  48  slots^  which  will  give  —  =  12  conductors  per 

48 

slot. 

On  page  161,  we  note  that  these  should  be  ffon  50  to  60  seg^ 
ments  per  pair  of  poles,  so  that  we  should  hnve  about  90  segmeAtp 
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in  our  coimimtatQr*      By  making  the  number  of  coils  equal  to 
twice   the  number  of  slotSt   v/indin^  and   insulating  Vw  coils  to- 
gether as  one  I  we  will  then  have  96  coils,   96  segments,   and  6 

conductore  of  3  turns  per  coil.     This  will  give  an  avertige 

160 

voltage  between  segments  of ~     *  6.66  volts,   which  is 

24 
pennissible* 

I7e  will  now  find  the  required  dimensions  of  our  armature 
conductors,  and  see  whether  they  can  be  placed  in  the  space 
available « 

Ve  './ill  assume  a  shunt  current  of  6  Xt   bo  that  at  full 
load  the  total  armature  current  will  be, 

10.5  X  1000  X  1.06 

I     -         -• — — -  69  amperest 

160 
and  using  a  single,   four  circuit  winding,  th9  current  in  one 

pa.^  through  the  armature  will  be,*  ' 

69 
It       r     — — •  r  17.26  amperes. 

4 

Aasuming  600   {mI  per  aoqpere,  we  have  for  the  dross  section 
of  aa  anaatuird  conductor, - 

(m)  -     17.25  X  600  =  10,365    (m) , 

which  Is  almost  equivalent  to  a  #  10  B.   AS.  wire  which  has    ^ 
10,581  (m),   80  we  will  use  the  #10  wire. 

The  circumference  of  an  armature  9«25   inches  in  diaxnetar 
will  be  9.25  x  77^  =  29.06   inches,  and  using  48  slots,   the  pitch 
of  the  teeth  will  be,- 

29.06 


— .-* =     «6054  Inches. 

48 

From  Table  I,  page  47,   the  diameter  of  #  10  wire,   d.cc 
is    .117   inches,     '^e  will  get  a  good  proportion  of  slot  by  wind- 
ing 2  wires   side  by  side  and  6  deop,    so   that  the  uninsvj-ated 
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coil  (double)  will  measure  (2  x  .117)  x  (3  x  •U?)  or  ^254  x 

351  inches. 

If  vre  make   the  slot  5/I6  =  3125    in.    vvide,    this  will  allow 

for   insulation  on  either  side,   between  the  coil  and  the   core^ 

.3125   -    ^254 

r      .02925,    v;hich   is   sufficient  for  a 

2 
machine   of   tliis    output  anc'.   e.rn.  f. 

The  v;idth  of  u   tooth  at  the   top  will  be, 

.6054   -    .3125   -    -2829    inclios,    which  p;ives  a  ratio 

.3125 
of  slot   to   tooth  of =  1.104,  Wi-ich  corresijonds  with  the 

.2829 
mean  ratio  gSven  on  page   160. 

In  page  160  v/e  flno.  the  average  ratio  of  depth  to  width 

of   slot   to  be  about  3,    so   that    tlie   depth  of  the   slots   should  be, 

3  X  .3125  =  .9375  inches. 

Two  double  coils  will  take  up: 

(6  X  .117)  f  (4  X  .02925)  =  .819  inches.   This  will 

leave  .9375  -  .819  =  .1185  in.  for  ".ho  retaining  v/edge. 

The  average  pitch  for  a  single,  multiple  circuit  winding 
2s  2  X  96 

is which  for  our  armature  would  be  equal  to  -— 48,* 

n  4 

and   the  back  pitch  t/ould  then  be  47  and  the    front  pitch  49, 

Since   four  coils  will  appear  in  one   slot,  a  back  pitch  of  47 
will  carry  us  from  the  bottom  of  one   slot    to   the  top  of  the 
t-^^elvth  one,    so   that   the  width  of  a  coil  will  be  approximately 
11    times   the  pitch  of   the   teeth,    this   beinr   the   d.- 3tr/uce   from 
tlie    center  of  one   slot   to   that  of   the  tv/elvth  one    fi^^'Vi  it. 

Laying  the  coil   off  on  the   drav/ing  board  ai.ccninr   to   the 
directions   given  on  pac^  151,   we   find   the   ler..^:;tix  of  one    turn  to 
be    34   inches,   auci    r:illo;ving   5   inches   for  each  ocnneotion  to   the 
coi*:Tnutator,    the   length  of  conductor   in  one  coil  \/iil  be, 
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34  X  3   f    (2x3) 

-•-. -^ — -     r     9  feet. 

12 
The   total  length  of  com'uctor  on  the  arraaturfc  •vill   tiien  be, 

9  X  96  =     834  feet. 


Th«   resistance  of  all  the  wire  on  the  arruature  in  series 
will  be,  at  60c   C, 

864  X  12  ..02 


s         1.02  ohmS' 

103S1 

Th*  resistance  of  one   of  tli'?  fou'-  pat}is  will  then  be,  not 

deduct inf  the  coils  short  circv.ited  by  the     bnishes, 

1.002 

R  .  -     -   .2505  ohms;   and  the  res  is 

^  4  **  - 

tatnce  of  four  of  tliese  paths   in  parallel  v/ould  be,  by  equation 

73,   page  152, 

.2505 
JL  r        s      .06262  ohms. 

The   I'^R  loss    in  tiae  armature  would  tlien  be  at  full  load, 
according  to   equation  74,    page  152, 

69  X  69  X   •  06262     -     298  v/atts. 

Assuminr   that  a  brush  v/ill  cover  four  segments,    short 

circuit inc  three  coils,    the  number^ of  active  coils  at  any 

Instant  will  be, 

96  -    (4x3)    -  84,   and  the  resistance  of   the 

active  coils   in  one  path  will  be, 

9  X  21  x  12-02 


— -   .2195  ohns,  and  the  armature 

10,i31 

drop  at  full  load  will  be, 

.21?5  X  1^.55   "   3  78   volts. 

In  calculating  tht.  loss  in  \  3.t,'.^    :luf;  -'.o  anrature  resistanc 

all  the  windinp  s/'ould  be  ccn.sic.cr.f'.l,  rz   t'^er-3  is  a  losr:  in  the 

short  circuited,  as  well  as  the  accivc  c?. lis,   The  s};ort  ^ir- 


a  4^1 


circuited  colls  do  not,  however,   offer  my  resistance   in  the 
active  portion  of  tht"^  armature,  so  tlxat   in  calctdatlnfi;  the 
armature  drop,    only  the  active  portion  of  the  windin,'^  should 
be  considered. 

It  will  now  be  well  to  carry  the  desif:n  of  the  armatiire  to 
a  point  where  the  core  loss  and  temperature  rise  mxy  be  calcu- 
lated* 

We  find  on  page  220  that  two  ventilating  ducts,  each  l/4 
inch  wide  should  be  used;  allowing;  10  X  ^or  the  space  between 
laminae,  the  gross  length  of  the  core  being  6*625  inches 9  the 
net  length  of  iron  will  be, 

(6.625  -*   '5)    .9  *  5*51  inches. 
Assuming  a  magnetic  density  of  9,500  gausses   in  the  core  below 
the  teeth,   tbe  cross  section  of  the  core  below  the  teeth  must 

be, 

Z2A.Zb  X  4,130 
A  s.       --. -.,       :  7.55  sq*    in. 

°  2  X  9»500  X  6.45 

and  the  depth  of  the  core  below  the  teeth  mast  then  be, 

7.56 
depth     '     -— — —       a  1,37,   Bay  1-3/8  Inches* 

5.51 
If  there  were  no  slots,   the  volume  of  tlie  core  wotild  be, 

9.25   4-  4.625 

^^ .    (  TTX  5.61  X  2.3125)      »     277   cu.in. 

2 

The  volume  of  the  slots  is, 

48  X  .9375  X  .5125  x  5.51     s     77.5  cu.    In.,    so 
that  the  weight  df  the  core  will  be, 

w       s      (277  -  77.6)  X  .277     »  65.3  lbs- 
The  cycles  x  Icile-gausses  ~    60  x  9.5  -  670,  and  from  an 

« 

extension  of  the  cxirye  in  fig.  17  page  19 »  we  find  the  wattt 
loss  per  pouncT  of  core  t^  be  7.5t  so  that  the  core  loss  in  watts 
will  be  55.3  X  7.5  =  415  watts »  due  to  the  high  frequency  used. 
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In  accordance  with  page  220,  the  surface  of  the  armature 

which  passea  under  the  poles  Is, 

S  =  9.25  X  T  X  6.625   =  193  sq.  in.,  and  from 

the  table  on  page  219 >  K  for  this  surface  =  .02174;  so  that 

KS  Is  equal  to  193  x  .02174  =4.2 

The  coils  extend  3*61  inches  beyond  the  core  at  each  end 

of  the  armature,  so  that, 

S^  -   9.25  X  pY"  X  3.81  x  2  =  222  sq.  in.  ,  and 

Ki   is   equal   to    .02489,    so   that  S^^K^^     =  222  x   .02489     =     5.53. 

The   inner  area  of  the   core  will  be, 

Sg     =     4.625  X  ^x  6*625  =     96.2   sq-in. ,    for  which 

the  peripheral  velocity  v/ill  be, 

4.625  X  fix  1800 

—---—— — -     r     2,180  feet  per  minute,   so  that 

12 

kg      =      .0235,    so    that  K2S2     =   .0235  x  96.2     =  2.26 

The  two  ducts  being  equal  to  two  ends,   the  ends  and  the 

ducts  may  be  considered  together,   so   that  S3  will  be, 

9.26   f  4.625 
, -«. —  X  4  X  ff  X  2.3126     =     202  sq.    in.,    for 

2 

which  the  peripheral  velocity  will  be, 

9.25   t   4.625  '     1800 

«^ — „ —    X X   rr    ^  3275  feet  per  rain. 

2  12 

80  that  K-   =  .0245;  then  K3S3   =   .0245  x   202  =4.95 

Then  by  equation  98,  page  220,  we  l:ave  f.or  the  radiation 

coefficient, 

4.2  f  5.53  I  2:26  |  4.95 

K»    «   -- =  .0897 

103 

Then  by  equation  99,  the  rise  in  temperature^  due  to  core 

loss  alone  will  be^ 
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415 
Tt        r z  24.5^  C  aboVft   the  air. 

.0879  X  193 
And  the  rise  at   Aill  load  will  be, 

298   f  415 

^n     z r     42.0^  C.   above  the  air, 

.0879  X  193 
which  checks  sufficiently  close  with  the  specified     value  of 
40^  C* 

Had  it     b'  en  found  that   the  temperature  rise  rlirt  not  coxne 
up  to  near   the  specified  value,   it  would  have  been  advisable   to 
increaete   the  current  density  in  the   copper  of  the  amature. 
Had  the  temperature  comp  ua  too  hip;h,    it  v/oulrJ.  have  been  neces- 
sary to   increase  the  cross  section  of  the  conductors  and   in- 
crease the   radiating  surface  of  the  armature. 

By  equation  77,  page  154,   the  meiximuEi  current  which  the 

machine  would   stand  with  an  overload  teiaperature  rise  of  65*^  C. 

is: 

.0879  X  193 

I^      i  (   65   -  24.6    )  =     10&.  AzBt>. 

"  .0626 

In  accordance  vrlth  page  161,  aesuininf;  a  c oimmita to r-i 

pcripher;^!  velocity  of  2800  feet  per  minute,  we  have  for  the 

dioiueter  pf  tlie  coinmutator, 

2800  X  12 

d     - -—  -     5.95,   say  6    inches, 

1800  X  rr 

and  the  cirqtxmference  of  the  comiautator  v/ill   then  be  8  x  T^- 
18.86   in. 

Al'^pwijig  .025   for  the    insulation  between  se^ents,    in 
accord^p^^  with  Table  XXXV,  page  164,   since   there  are  96   seg- 
ments, y/e  have  as  the  thiclcness  pf  a  se(;ment> 

18.86     -      (96  X   .025) 


-.^- •^•P-     r   .172    inches. 

9S 


?.50 

Assuming  that  a  brush  shoulrt  cover  between  3  and  4  segraent^ 

80  that  three  colls  will         alv/ays  be  short  circ^iited,    the 

thiclmess  of  a  brush    must  be, 

(  4  X  .172)    f    (3  X  .025)    =    .76   Inches;    so  that   if  we 

make  the   thickness  of  the  bnish  5/8   inches ,    the  arc  of  the 

circle  of  which  s/s   Inches   is  the  chord,   will  have  a  sufficient 

width  to  keep  three  colls   short   circuited. 

Assuming  a  current  density  of  25  amperes  per  square   inch  of 

17.25  ^  2 

brush  contact,    the  area  of  one  sot  must  be -.^-.4.     z  1.38, 

25 
the.  thickness  being  .626   Inches,    the  v/ldth  of  the  set  must  be 

1.38 
-« — -~-  z  2*2  08   inches.      This  can  well  be  divided  ut)  between 

.625  I  2.208 

three     brushes,   thc^  width  of  each  being  — - — -•  -   .735,    say 

3 
3/4  inches.      So  th*  t  ma>inf    the   briash  3/4  x  5/8",    the  are^^  of 

one  set  <iill  be  3  x  .625  x  .75   -  1.414  sq.    in. 

The  length  of  the  com:  utator  jnust   then  be,- 

(5  X   .75)    <•    (2  X   .25)    f    (2  X    .25    )    -   3.75    lnc.h«». 

Assianlng  a  pressure  of  1.2  lbs.  pf>r  sq.    inch,   t^ia  v><^sl8- 
tance  of  doubl**   contact  will  be   ,076  ohr;s.      Then  by  eciuation  59^ 

page  171,   the  resistance  of  one  positive  and  negative  contact 
will  be,  ^Q^g 

Rv*   ^  ~ -—     *     .053  ohms;   and     by  eqtaation       60, 

1.414 
page  172,   the  drop  clue   to  brush  contact  will  be,- 


17.25  X  2  X   .053   -  1.829  volts. 

By  e^Nation  61,   page  172,    the  resistance  between  b^ush 

terminals^ and  consDutator  surface  will  be, 

2  X   .053 

Rv  «   — — — -—  »  .0265  Ohms. 

4 
The  watts  loss  due  to  resistance  of  brush  contact  will  be, 

69  X  69  X  .0265  =     126.15  watts. 

Using  a  coefficient  of  friction  of  .3,   the  watts  loss  due 

to   brush  friction  will  be, 


.vtr-^ 
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1.2  X  1.414  X  :7^  X  6   X    .3  x  746  x  1800 

r  130  watts. 

12  X  53,000 

The  cylindrical  surface  of  th.e  corn  utato'^  from  vhich  radia- 
tion will  take  place  is  S]^  =  6  x  fjr  x  3.75  =  71  square  inches, 
and    the   value   of  K-]^   =    .02".    so   that  ^S^^   -  1.7 

The  area  of   t*o   ends,    since   the    conL'.nutato^  v/ill   be 
solid  will  be  2  x  jf    x  3^   -  56.8   square    inches. 

The   peripheral   velocity  of  the   surface  v/ill   be  1400  feet 
per  minute,    so   that  Kg  will  be    .021,    so   tliat  SgKg     =     56 ,8    .. 
.021   =   1-195. 

Th'*  area  of  the  brushes  and  parts  of  thfi  brush  holders  from 
which  radiation  will   take  plj*ce    is, 

for  the   brushes,    12    j  (2  x   .625  x  2)      f    (2  x   .i75  x  2)    |    (•75  x 
.625)1    which  is  equal   to   71.6   square   inches 

Per   the  brush  holders  >    12|     (1.25  x   .875  x  2)    f    (1.25  x  1  x  2)l 
which  is   equal   to  56.3  square   inches.      The   sum  of    these   tv/o    is 

S3     =     71.6    f   56.3   =   127.9   sq.    in. 
The  value   of  K3   is    .01295,    so   that  K3S3   =   .01295  x  127.9   =1^6^ 

The  value  of  KS  for  the  entire   cortiutato^  v;ill   then  be, 
KS   =   1.7   f  1.195   I   1.65   -   4.545, 
so   that  the  temperature   rise  of   the   coLsrutator  will  be  by 
equation  63,   pane  172, 

126.15   f  130 


2     56.6°  C,   which  is 
4.545 

within  the  limit  of  60^  C.   as  given  on  page  172- 

Having  determined  the  dimensions  of  the  commutator  and 

brushes  we  can  calculate  the  reactance  voltage  of  the  coil 

during  comrrutatbn. 

By  eCiUation  64,   page  174,    the  flux  v-hich       would  be   set  K 

by  one     ampere   flowing   in  one   coil  would   be. 
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Cf_7      -      3  X  5.51  X  20   =  330.6,    b^at   since   tJiete    a^e 

three  coils   short  circuited  by  ono  brush,    and   furf^.ev  t^^-ccr.se 

one*    half  of  the   flux  set  up  by  th^  coilfj    snort  ci>-cv4  i-^r.d  by 

each  of  the  adjacent     brushes   is   linl^ed  with  th*?  coil  under 

consideration,    to   get   th^    total  flux  v/hich     ouV-   be   lirikod  by 

the   turns  of   the  coil,   v/e  must  n:ultiply  C^^'   by  3  for   the  t.iree 

coils,  and   by  2  for' the    two  halves   of  the   coil  under  adjacent 

brushes-,    so   th/^t   the   flux  for  imit   current  -.ill  be, 

^^     =     3x5*51x20x3x2      =     1980  maxwells, 
c 

The  inductance  of  one  coil  of  thr*=ie  turns  is  then,  by 

equation  66,  page  174. 

1980  X  3 

g ->•   -  .0000594  henrys. 


10 

By  equation  68.    page  175,    the   frequency   la^ 
1800  X     "7*  X  6 


-  452.5   cycles  per  second. 

2  X   -625  X  60 

The  reactance  is  then,  by  equation  69,  page  175, 

.0000594  X  2  X  77--  X  452.5  -  .1686  ohms,  and  the 

reactance  voltage  will  be,  by  equation  70,  page  175, 

.1686  X  17.25  ^     2.94  volts.    The  average  voltage 

160  X  4 

per  commutator     segment  is =   7.6   volts,    so   t5mt  the 

84 
value  of  the   reactance  voltage   is  v/ithin  allov/able  limits. 

By  equation  71,   page  177,  we  find  the  diameter  of  the   shaft 

within  the  core  to  be,- 


,10500 

d^      =  1.2     X        *- =     1.86",    say  1-7/8'' 

^  V     1800 

The  windin/r  whicih  've  h?3v^   adopted  for    this  machine    is   a 
multiple   circuic,    slr.ri^,   nii;.!-:  ipolar  drum.      The  nu.^r.bcer  of  coils 
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is  96,   and  there  are  fou^  poles,    so    that  the  average  pitch  will 
^e   48,   and   the  back  pitch  47,    the   front  pitch  49 »    from    vhioh  a 
winding  dia/Trair.  similar  to  Plate  19,   page  183.   may  be  worked 
out  on  the  drawing  board. 

Te  will  now  proceed  to  calculate   the  reluctance  of   the 
magnetic  path  oTfored  by  the  air  c^i^f    teeth  and  slots,    and 
the   combined  effects  of  the  field  and  ariLature  ajupere   turns  on 
the  flux  in   this  part  of  the  magnetic  circuit. 

By  equation  78,   page  202,    the  demagnetising  aTiature  ampere 


turns  per  polo  vill  be, 

576  X  69  X  .3 


S73; 


4x2x4 


The  difference  between  the  eifective  aiqpere   turns  on  the 
weak  and  the  strong  pole  tip   is  2a    {S»I»)    =  1730^  where  72 
is   the  number  of  armature  turns  per  pol3  and  17.25   the  value 
of  the  current  flowing   in  them. 

We  will  nov/     calculate  the  reluctance  of   ttee  air  gap,    teeth 


and 

slots. 

1 

2 

3 

4 

5 

6 

7 

^t 

Bb 

^av 

»ag 

<si)t. 

<S*>ag 

(Si)t 

4000 

6220 

1.75 

1558 

3.31 

295 

298.3 

5000 

8280 

2.10 

1949 

3.98 

369 

373.0 

6000 

9935 

2.30 

2339 

4.36 

443 

447.4 

8000 

13230 

3.90 

3114 

7.40 

589 

596.4 

10000 

16540 

9.70 

3887 

18.40 

737 

755.4 

12000 

19830 

46.50 

4677 

66.40 

886 

972.4 

130C0 

r..,5id 

129 . 00 

5050 

245 . 00 

956 

1201 . 0 

14000 

>:.•?.  90 

18S . 00 

5448 

358.00 

1031 

1389 . 0 

15000 

24Cr;0 

218.50 

5850 

605 . 00 

1110 

1715.0 

lecro 

l.(-£4'3 

4C2;-60 

6235 

937 . 00 

1180 

2117.0 

170v^0 

2r'i(3.> 

;*;15  ■  80 

6640 

1169.00 

1259 

2428.0 

180C0 

2CV.J.0 

S29.00 

7070 

1572.00 

1340 

2912.0 

19000 

31490 

978.00 

7480 

1856.00 

1420 

3276.0 
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Plotting  the   average  air  gap  deneltlee  as  given  In  column 
4  against  the  correopondlng  required  ampere  turns  as  given  by 
colusin  7,  as  abclssae,  we  get  the  curve  shown  on  the  following 
page. 

1fe  may  now  calculate  the  cosrautating  field  density  required 
under  the  weak  pole  tip  at  full  load,  and  by  applyinf;  this  to 
the  curve,  we    find  the  vclue  of  the  necessary  effective  full 
load  annaere  turns  on  the  leading  pole  tip»  (Si).  . 

During  the  time  the  short  circuited  current  is  flowing  fr<Ma 

one  eegaent  to  the  next,  the  current  den9^ity  will  be, 

4  X  17.25 
r         43,8. 

1.414 
4  X  .024 
r*     s  —♦ .^i..— «     »     ,06775, 

^  1.414 

wbire  .024  la  the  resistance  per  aq,^   io>    for  a  einsle  eoatikot 
when  the  current  density  Is  43.8  anperes  pet*  square  lnch» 
The  r«8lst€uice  of  a  single  coil  on  the  armature  18» 

.2126 


z     ,aU>12  ohBUi, 

21 

So  that  th«  resistance  from  one  segment  to  the  brush  across  to 
the  WNLt  jHiaMat  and  thnough  the  coll  will  be, 

.04775  t  > 01012     S     ,07767  ohms; 
aeeoniing  to  tquatlon  84*  page  207,  the  developed    volt&gt  dur- 
ing 0 OQuni'QAt Ion  must  be, 

17.26  X   .07787     ^     1.543  volts. 

The  peripheral  velocity  of  the  conductors  in  cm.  per 
second  %n* 

1800  X  fr  X      (9.25  -    .9375)   X  2.54 

v»      z    .», 

60 


■■>t 


\M/u9S  of 
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The  niTt  Xengtb  or  the    iron  in  the  armature   in  cm.    -     2-54 
X  5*51  ^     14«0  cm.     Then  by  equation  85 »  page  208  ^    the  lead- 
ing pole  tip  density  in  order  to   reverse  the  full  load  cui^rent 
in  the  ooil  must  be» 

10®  X  1.343 

B       «     — -     806  gausses. 

^      14  X  1988  X  3  X  2 
TJfB   abclssa  corresponding  to  the  ordinate  of  805  gausses  is 

147 1  the  effeocive  fiall  load  ampere  turns  on  the  leading  pole 

tip. 

Ikying  off  from  this  point,  the  value  of  2a(S*lM  =  1730, 
we  get  the  effective  full  load  ampere  turns  on  the  trailing 
pole  tip  ^  1875  and  the  corresponding  ordinate  is  the  density 
under  the  strong  pole  tip  at  f\;G.l  load  -  7,600  gausses. 

BuBy  use  of  the  planlmeter,  we  find  the  area  of  the  space 

enclosed  by  the  abcissae  of  the  two  pole  tips  to  be  25*9  sq.in.f 

ectual  to  163.  sq.  cm.   The  length  of  the  abcissa  2a(B*I*}  is 

17.3  em.  9  so  that  the  average  ordinate  of  the  area  is 

163.0 

• r   9.43  cm. 

17. » 

which  corresponds  to  a  density  of  4,690  gausses t  which  would  be 
the  average  full  load  air  gap  density. 

The  drop  in  the  annature  winding  has  beex^  formd  to  be  3.78 
volts;   that  in  the  brush  contacts  1*828  volts;   and  assuming  the 
drop  in  the  series  winding  to  be  .75  of  that  of  the  armature 
windingt   the  totctl  Internal  drop  in  the  machine  at  full  load 
will  be'» 

3.78  f  1.828  I  2.84   >  8.45  volts, 
80  that  the  full  load  developed  voltage  nroat  be  160  4  8.45  ~ 
^68. 45  volts.     The  average  fttll  load  air  gap  density  must  then  \fi 


• 
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4,14  4,130  X  168.45 

5     4,360  gau8i|ueB< 

160 

Comparing   this  value  with  that  Just   found  from  the  curve  we   see  that 

the  density  compares  favorably  with  the  average  full  load  density  as 

found   from  the  curve- 


Assuminf:  a  leakage  coefficient  of  1.16,    in  accordance  v/ith 
Table,  XXXVII,   page  210,   and  a  no   load  density     of  10,000  gausaes   in 
the  field  cores-     The  net  area  of  a     field  core  will  be,   by     equation 


86,   page  209, 

4,130  X  224.25  X  1-16 
s     16.68  sq.in.,   and  the  v/idth 

10,000  X  6.45 
of  a  pole  will  be,  within  the  coil,   assiming  92  %  of  the  length  to 

be   iron,   by  equation  87,   page  210, 

16,68 

^ r     2.75     «  2-3/4   inc^^s. 

6.625  X   .92 

The  full  load  density  in  the  fiqld  cores  will   then  be, 

10,000  X  168.45 
^ • —     z     10,520  gausses. 

160 
Using  cast   iron  in  the  yokes  and  assuming  r.  no  load  yoke   den- 
sity of  5t700  gausses,   by  equation  88,  pare  210,   the  area  of 
crocks  sjsction  of  the  yoke  will  be, 

4,130  X  224.25  x  1.16 


-  14.61  8q«    In 
2  X  5^700  X  6.45 


. 


The  length  of  thf"  pole   is  6.625   inches,   nnrJ   in  order  to  make 

the  yoke  project  over  the   field  coilc,  we  v/ill  make  It  9   inches  in 

width  and  elliptical  in  section.     The  area  of  tlic  ellipse   is 

14.61  sq.    in«   and  the  major  axis  9  Inches;    the  minor  axis,   the 

maxixDum  thickness  of  the  yoke   is  then,- 

14.61  X  4 
-     2.06,    say  2   inches- 
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The  ftdl  load  density   in  the  yoke  will  be,- 


5,700  X  168.45 
160 


=  6000  gausses. 


Assuming  a  radial  length  of  pole  of  4-3/4   inches,   and 
maVing  the  proper  allov/ance   for  the   flux  to  pass  out  to   the  pole 
tips,    the  dime ns  ions  of  the  pole  stamping  will  be  as    sho^-m  in 
Pifj.    62.      The   core  will   be  held  together     by   insulated  bolts 


•*^ 


a 


1 


I 


• 


o 


■  ■  I  — 


passinf^   throur;h  t.he   circular 
holes,   plates   about  l/4    in. 
in  thickness  beinf:  U30d  en 
the   ends.      The  poj.cs  v;ii:i    be 
secured  to   the   yo?*.   bv  e.  bolt 
v/hich  passes   throufrn   tl^f    yoke 
and  scrs^-s    ii.».i.o   a   ^ou-^rf 
piece  of  wrcugrl'.t   iron  which 
is  placed   iii   the>   LUiUaro  hiole 
passing   through  the.  pole 


parallel   to   the   shaft. 


Pig.    62. 
The  outBide   diameter  of  the  yoke  wiTT  .At^n  be, 

9.25+   3/I6  -f     2(4.75)+    4  =   2c-i5/l6    inches. 
A  scale  drav*ing  of  a  portion  of  the  TAagaa'uic  circuit  may 
now     be  made  on  the   drawing  board^y   an  ci^ttcLe't  en  page  13^,    from 
which  th^engths   of   the  magnetic  paths  may  be   taken. 


»    •      * 
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Ihan  th%B  luui     ke«n  doae^  tk«  required  ao  lead  and  full 
•onere  turns »  and.  th«  Aoiit  »ad  seriea  •Indlng  nay  be 

•    « 

ealeulAteA* 

It  will  be  well  to  tabialaie  the  valuea  m  follows: 

Portion  of  Usterial  Ho  Load  Value  of  Length  ailberts  (Si) 
0  iron  it  >  density    H     iS  ^* 

Yoke      east  Iron  6,700      19      21.78   413.0  530.0 

FoI¥'-    Sht.Steell9,000      6       12.25    73.4  88.6 

Ar.Cor#»                •        •      *9,500                6.6              5-60         30.8  24-5 

Air  gapi  teeth  9i  Slots»4,lSO     taken  direotly  from  o^irve  835.0 

Total  no  load  ampere  turns,  1248.1 

Allowing  a  thickness  of  s/d  inch  for  the  field  spool  and 
its  insulation,  the  length  of  an  inside  turn  will  be,- 

2(6.626  f  .76)   f  3(2.76  i  . i76)  •  21.7  inches. 

Assuming  a  depth  of  windin^^  of  3/4  inch,  the  length  of  an   . 

otrtside  turn  isill  be  8  x  .76  «  6  inobes  longer  than  an  ouinside 

turn,  so  that  the  nean  length  of  a  turn  will  be,- 

21.7  k  21.7  f  6 
-.^- — — — —      «  26.15  inches. 

2 

Upon  the'  asaunptipn  that  20  ^  of  the  e.m.  f .   is  taken  up  by 
the  field  rheostat,  the  x'ltage  on  one  field  coil  will  be,- 

« 

180  X  8 
— • — —     r  52  volts. 

4 

By  equation  91,  page  212,  the  siee  of  the  shunt  field  wire 
should  be, 

12.02  X  25.15  X  1248 
. r  960  (m); 

12  X  52 

The  nearest  sise  is  #  20  B.  it  8,  having  a  cross  section  of  1022 

(m) 

The  radiating  surface  of  one  field  coll  will  be  as  follows, 
For  the  sides  of  the  coll,   assuminf;  the  length  of  the   coll 
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to  be  2.&  Inches;  the  area  will  be  28.6  x  2  5  ^  71-7  sq*  in* 

One  end  of  a  coil  will  have  an  area  of  25-15  x  .75  *  19.1  eq- in 

80  that  the  total  radiating  area  will  be  90*6  sq.in. 

By  eqiiation  92,  page  213 »  assuming  a  rise  of  temperature 

of  40  degrees  above  the  air,  the  allowablo  current  will  be, 

90.8  X  40 

=     1.26  amperes,   and  the    (ra)   per  ampere 

83  X  32 
1022 
will  be,--*-   -  815    ttt)   per  ampere,   v/hich  is  a  fiood  value. 

1.26 

1248 

The  number  of  shunt  turns   in  one  coil  v/ij.1  be, =  990, 

1.26 
990 

which  will  require  a  windinn  space  of -  1.76  bq.  in.     Te 

566.9 
have  allowed  a  space  of  .75  x  2.5  -  1.875,  which  checks  suffi- 


ciently close.     The  resistance  of  one  field  coil  will  be, 

25.15  X  990  X  12.02 


* ^^ ••^* . -      24.4  oliEts, 

12  X  1022 

and  the  current  which  v/ould  flow  with  32  volts   impressed  will  be 
32 

2  1.22  amperes.     The  watts  loss   in  the  shunt  winding  will 

24.4 

be,    including  that   in  the  rheostat,    1.26  x  160  -  201.5  watts. 

We  may  now  proceed  with  the  calculation  of  the  series 
winding. 

We  shall  now  calculate  the  required  fUll  load  aripere   turns 

to  be  supplied  by  the  series  and  shunt  winding  acting  together. 

Portion  of    Full  load       Value       Length      Gilberts  (Si) 

Circuit.         Density         of  R.        in  cm. 

Yoke  6000  22.8  21.78  498  397.0 

Pole  10520  6.5  12.25  97.7  63.4 

Arm.  Core  10000  6.0  5.6  33.6  26*7 

Air^Gap,  tooth4360  and  slots,  taken  from  curve,  930.0 

V'  1417 . 1 

Armature  demagnetizing  ampere   turns  per  pole,  575.0 

Total  full  load  ampere    turns  per  pole,  1790.1 


,,-     ,_;:    s/j.-i'^t--    »'»' 
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Since  the  full  load  tcnnin£l  voltage   is  to  th^   sane  as  the 
no  load  voltage,    the  shunt  ampere  turns  will   remain  practically 
constant  from  no  load   to  full  load,   so  tliat  by  equation  95, 
page  215,    the  scries  ampere   turns  p3r  pole  will  be, 

1790.1  -  1248-1  =  542,    and  by  equation  96,   pa^e  215, 
the  number  oT  c  rl  s  turns  p^r  pole  will  be, 

542 

————•-—--   »  8  turns  per  pole;  for  the  reasons 
69  -  1.26 
given  on  page  215,  we  will  use  8*5  turns  per  pole- 

fhe  mean  length  of  a  turn  of  the  series  winding  will  be  the 

same  as  that  of  the  shunt  winding,  so  that  the  total  length  of 

the  seriet^lndlng,  allowing  6  Inches  for  connections  between 

colls^  and  3  feet  for  each  connection  to  the  terminals,- 

C4  X  8-6  X  25.15)  f  (3  X  6)  f  (2  X  36) 

— • • .•  r  78.9  feet 

12 
Assuming  a  current  density  of  850    (m)  per  ampere ,   the  cross 
section  of  the  series  conductor  will  be  67.74  x  850  =  57,750    (m) 
•  43|800   \m\.     The  resistance  of  the  series  windin,^  will  be,* 

12.02  X  78.9 


•• —  z     .01644  chms; 

55,750 

The  drop  at  ftill  load  will  be   .01644  x  67.74  ^  1.12  volts,  and 
the  I^  loss  will  be, 

1.12  X  67.74 

m — — ^-^•.^.•••-^  z    19  vatts  par  coil,  or  a  total  of 


76  watts. 

lf%  wHl  aa3ce  the  width  of  the  series  conductor  equal  to 
the  depth  of  the  shunt  winding,  and  wind  the  strips  on  edge,  one 
layer  deep,   so  that  the  outer  dimensions  of  tlie  shmt  and  series 
coils  will  be   the  sane.      The   thickness  of  the  conductor  nust 
then  be. 


'5.  r   £)c.»Ta 
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4S,800 


75  X  1000  X  1000 


-  .0584  Inchee 


Allowinr  for  a  thlcknesB  oT  insulation  on  each  conductor, 
on  each  side,  the  thickness  of  the  insul&ted  oncductor  will  be 

.0584  f  (2  X  .03)  =  .1184  inches. 
And  the  winding  area  re  quired  by  each  coil  will  be,* 

•  1184  X  9  X  .75  *  .801  square  inches* 
An  air  space  will  be  left  between  the  series  and  shunt 
coils,  and  also  between  the  series  coil  and  the  end  of  the  spool, 
so  that  the  radiating  surface  of  one  coil  will  be,* 

(2  X  25«15  X  .75)  t  (28.6  X  .1184  x  8*5)   =  64«6  sq.ln. 
The  teinperature   rise  of  the  series  coils  will  then  be. 


19.0  X  83 
64.4 


s  24.5^  Centigrade  above  the  air 


Assuming  the  loss  due  to  bearing  friction  and  windage  to 
be  1.5  %  of  the  output  at  fxai  load,  we  have  10,5  x  1000  x  .01 
=  105  watts.  ITe  may  now  calculate  the  losses  for  any  given  load 
and  consequently  the  efficiency  at  that  load.  These  calcizlationP* 
tabulated  are  as  follows. 


Brushes 

Brushes 

Load 
in  % 

^• 

firushee 

I  Arm 

Shunt 

Core 

Bearing 

Total 

Bff. 

Loss 

Friction. Losses 

InX 

0 

0. 

0. 

0. 

201.5 

415 

236 

851.6 

0. 

25 

18.6 

12.6 

31.4 

201.5 

415 

235 

882.9 

74. 7 

60 

74.5 

51.0 

125.5 

2C1.5 

415 

235 

977.0 

84.4 

75 

169.4 

116.1 

285.  5 

2c:..& 

415 

235 

1137 . 0 

87.3 

100 

298.0 

202.1 

500.1 

2C1.5 

415 

235 

1351. 6 

88.7 

125 

460.0 

516.0 

776. 0 

201.  5 

415 

2C5 

1527.0 

89.. 0 

150 

672.0 

462.0 

1154.0 

2tl.o 

415 

236 

1985.0 

ft 

89.1 

Prom  the  data  contained  in  the  above  table  for  armature  I^ 
and  core  loss  for  the  different  loads,  the  temperature  ri^e  of 


the  armature  at  different  loads  is  found,  to  be  as  follows- 
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Load  In  per  cent.     0.    25^   50.   75.  100.  125.   150. 

« 

?.inp.  rise  above  air,  24.5   25.6  29.0   34.4  4£.0  51  7   34.0 


Prom  the  above  data  curves  of  efficxency  and  tonosrutur^ 
rise  for  continuous  operation,  at  tl.».e  difierent  loads  viay  be 
plotted,  and  the  variable  and  constant  losses  sho^rn,  as  Irdicat- 

ed  on  page  252. 

ff 

« 

The  mechanical  cletailis  may  be  v/orked  out  ?-.s   tho  work 
proceeds  on   the  drawine  '^oard.      The   brush  holders,  method  of 
mounting  the  stampings  of   the  amiature   core   s-oul'^'   receive 
special  attention. 

■flhen  the  calculations  have  thus  been  completed,    it  will 
be   fovuid  convenient  to   tabulate  the   results,   using  blank  forms 
as   indicated  on  the  followinf:  pages. 
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SPECIPICATIOHS. 


Iffumbar  of  poles, 

Kilowatts , 

Revolutions  per  minute, 

Frequency  in  cycles  per  eecontl, 

Terminal  volts,  no  load, 

Terminal  volts,  full  load, 

Antperes,  txHl   load, 

DJMENSIOirS. 

ARICATUBE: 

Diameter  over  all, 

Length  over  conductors, 

Diameter  at  bottom  of  slots. 

Internal  diameter  of  core. 

Length  of  core  i^Tover  all. 

Effective  length,  magnetic  iron, 

Pole  pitch  at  armature  surface. 

Insulation  between  sheets. 

Thickness  of  sheets, 

Depth  of  slot, 

Width  of  slot  at  root, 

Tidth  of  slot  at  surface. 

Number  of  slots. 

Minimum  width  of  tooth, 

Tidth  of  tooth  at  armature  face, 

7idth  of  conductor. 

Depth  of  conductor, 

Sumber  of  ventJGLating  ducts, 

Width  of  each  ventilating  duct. 

Effective  length  of  core  {-  total  length. 

Diameter  of  spider ,  external  in  inches. 

Diameter  of  spider,  internal  in  inches. 

Length  of  spider, 

IIAOBET  COKE: 

Length  of  pole  face, 
Length  of  pole  arc, 
Pole  arc  f  pitch. 

Thickness  of  pole  -  piece  at  edge  of  core, 
Badlal  length  of  magnet  core, 
Width  of  magnet  core. 
Thickness  of  magnet  core. 
Diameter  of  bore  of  field, 
Length  of  air  gap* 

SPOOL: 

Length  over  flanges. 
Length  of  winding  space. 
Depth  of  winding  space. 


»■  ■  I  ■  i^ 
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TOKB: 


Outside  diameter. 
Inside  diameter. 
Thickness,  body. 
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Length  along  armature, 

SHAFT  ABD  BEARINGS; 

Dleuneter  of  shaft  inside  spider. 
Diameter  of  shaft  in  bearings  . 
Length  of  bearing  surface, 
Length  of  sliaft  over  all, 
Length  between  bearing;  centers, 

COMMUTATOR: 

Diameter, 

Number  of  segments, 

Niamber  of  secLonts  per  slot, 

"Width  of  segment  at   cominutator  face, 

Width  of  segTi^nt  at  root, 

Depth  of  segmorit,    total, 

Bep-:;h  cf  L-egi3icrit,   v.s2ful, 

Thi«^.l:r»css  of   mica  insulation, 

Available  length  of  surface  of  segment. 

Cross-section  of  cam:utator  leads » 

BRUSHES : 

Number  of  sets. 

Number  in  one  set. 

Width, 

Thickness, 

Area  of  contact 9  of  one  brush. 

Type  of  brush, 

MATERIALS. 

Armature  core. 
Armature  spider. 
Armature  shaft. 
Armature  Bearings, 
Armature  Condv.ctors, 
Commutator  Segments, 
Commutator  leads ^ 
Cominitator  spider, 
Pole  shoe. 
Yoke , 

Magnet  core. 
Brushes, 
Brush  holders. 
Base* 

TECHNICAL  DATA. 

Armature,  no  load  voltage, 

Number  of  face  conductors, 

Conductors  per  slot. 

Number  of  circuits. 

Style  of  winding, 

Oramme  ring  or  drum, 

Type  of  construction  of  winding. 

Pitch  of  coil,  front. 

Pitch  of  coil,  back, 

Mean  length  one  armature  turn. 


•— ""fci 
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m^i^"^ 
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Total  armature  turns, 
Ttirns  In  aeries  between  brushes. 
Length  between  brushes, 
Cross-aection,  one  armature  conductor. 
Ohms  per  1000  ft*  at  25  deg«  Cent* 
Resistance  between  brushes  at  25  deg.  Cent- 
Resistance  between  brushes  at  65  deg.  Cent* 
Volts  drop  in  anoature  at  65  deg.  Cent. 
Volts  drop  in  brush  contact. 
Volts  dropt  series  wlnding^^ 
Terminal  voltage,  tuXl   loadf 
Total  internal  voltage,  full  load, 
Circular  mils  per  asters  in  atnnature  winding. 
Circular  mils  per  ampere  in  conmatator  connections 

CCmCDTATIOV: 

Anerage  voltage  between  coBDutator  se0aent8. 

Armature  turns  per  pole. 

Amperes  per  turn. 

Armature  ampere  turns  per  pole. 

Segments  lead  of  brushes. 

Percentage  lead  of  brushes. 

Percentage  demagnetieing  ampere  turns. 

Percentage  distorting  ampere  turns, 

demagnetizing  anpere  turns  per  pole, 

Bistcrting  ampere  turns  per  pole. 

Frequency  of  comrutation  (cycles  per  second) 

Somber  of  conduotors  per  group  siimiltaneously 

undergoing  commutation, 
Suniber  of  coils  s iomltaneously  short-circuited 

per  brush. 
Turns  per  coil. 
Flux  per  compere  turn  per  inch  length  armature 

lajiination, 

Fl\z3c  liukod  with turns, 

Indvctdnca  In  one  eoil»  ii|  henryst 
Reactance  ahort-cireuited  soil. 
Reactance  voltage > 

KAOmiC  DATA. 

Coefficient  of  magnetic  lealcage, 

Mazw^^Us  entering  amature  per  pole--pleee  at  as 

l0£Ld  and volts , 

IfiBocwells  entering  aastnoature  per  pole-piece  at 

full  load  and internal  volts, 

ASKATDES  COSX: 
Section* 
Length  imagnetlc)  per  polOf 

Density  at  no  load. 

Density  at  full  load. 

Ampere  turns  p^r   inch  length,  no  load, 

Ampere  ta^ns  per  Inch  length,   full  load. 

Ampere   turns,   no  load. 

Ampere   turns,   full  load, 


«p 


mmmm 


mm 
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X342X  from,  ^ana  j;>oX#  ^dLace^ 
Section  at  roots. 
Length, 

Apparent  density  at  no  load, 
Apparent  density  at  full  load,- 
Corrected  Density  at  no  load. 
Corrected  density  at  full  load, 
Ampere  turn?  per  inch  length,  no  load, 
Ar.pere  turns  per  inch  length,  full  load, 
Asipere  turns,  no  load, 
Aotp^re  turns,  full  load, 

OAS": 

Section  at  pole  face. 

Length  of  gap. 

Density  at  pole^face,  no  load. 

Density  at  pole  face,  full  load. 

Ampere  turns,  no  load, 

Ampere  tumo,  ftill  locul, 

KAOHET  CORE: 

Section, 

Length  (Uagnetic) 

Density,  no  load. 

Density,  full  load, 

Airpere  turns  per  inch  length,  no  load, 

Ampere  turns  per  inch  length,  full  load. 

Ampere  turns,  no  load, 

Anpere  turns,  full  load, 

MAGNET  YOKE: 
Section, 

Lenr^th  per  pole,  • 
Density,  no  load. 
Density,  full  load, 

Ampere  turrx2  per  inch  length,  no  load, 
Arnpere  turns  per  inch  Idngth,  full  load. 
Ampere  turns,  no  load. 
Ampere  turns,  full  load, 

AUPERE  TUEETS  PER  SPOOL. 

Armature  core. 

Armature  teeth. 

Air  gap, 

Kagnet  Core, 

Yoke, 

Demagnetizing  anqpere  turns  per  pole  piece  at 

full  load. 
Allowance   for  increase   in  density   through 

distortion. 
Total  ampere  turns  at  full  load  of  ••««•   amperes 

and terminal  volts. 

Ampere  turns  per  pole-piece  on  armature. 
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CALCULATION  OP  SPOOL  TISDISGS. 

I 
I 


SHUUT : 

Uean  length  of  one  shunt  turn  in  inches , 

Ampere  turns  per  shunt  spool  at  full  load^ 

Badiating  surface  one  shunt  spool, 

Watts  radiated  per  sq.  inch  per  degree  rise  Cent 

Shunt  watts  per  spool  at  65  deg.  Cent. 

Pounds  copper  per  coil, 

Current  in  shunt  coils. 

Turns  per  shunt  spool, 

Length  of  turns. 

Pounds  per  1000  feet, 

Current  density  circular  mils  per  ampere. 

Length  of  the  portion  bf  wincing  space  available 

for  shunt  coil,  inches, 
Depth  of  winding,  inches. 

Cross-section  conductors,  circular  mils, 

Current  density,  circular  mils  per  ampere^ 

Resistance  of  • • *  spools  at  25  deg*  Cent. 
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Series  turns  per  spool. 

Series  aozpere  turns  per  pole. 

Current  density  -  circular  mils  per  ampere, 

Series  InR  loss  at  65  deg.  Cent- 

Weight  series  copper  per  spool, 

ESTIMATED  COKE  LOSS. 

Total  weight  armature  laminations, 
Cycles  per  second, 
Kilogausses  density  in  core. 
Cycles  X  Kilogausses, 
Corresponding  6of^  loss  ^bir  pound. 
Total  core  loss^ 

cALCutid^ioirs. 
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AiaCATUKB: 

InR  loss  at  65  deg.  Cent. 

Core  loss  full  load. 

Total  armature  loss. 

Peripheral  radiating  surface  armature, 

Tatts  per  square  inch  radiating  surface  armature. 

Peripheral^  speed  annature,  feet  per  minute, 

Vatts  radiated  per  sq.  inch  per  degree  Cent,  rise 

in  temperature. 
Temperature  rise  in  deg.  Cent,  at  full  load, 

SPOOL: 

Total  I^R  loss  at  65  deg.  Cent,  per  spool. 

Peripheral  radiating  surface  one  spool, 

TITa-^t:^  per  square  inch  of  radiating  surface  per 

d'-\-x-3e  Cr:i:.tigrade  rise  in  temperature, 
Tenipe r:i  i.\v  r  r:Lse  in   degrees  Centigrade  at  full 
load, 
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COHEtTTATOR : 

Ar^a  bearing  surface  all  positive  brushes, 

Anr^eres  per  square  inch  of  brush  bearing  surface,'  « 

Ohias  per  square  inch  positive  and  negative  contact 

of bi:-u.^he3, 

Brush  resistance,  positive  4*  negative. 

Volts  drop  at  brush  contacts, 

I^K  at  brush  contacts. 

Brush  pressure, 

Cocrficiant  of  friction, 

Periphe*.  £».i  speed  of  conmutation  in  feet  per 

minute. 
Brush  friction. 
Total  coi:^r.ata,tor  loss, 
Eadiating  surface  coimautator, 
Watts  per  square-^inch  of  radiatihg  surface, 
Temperature  rise   in  deg.   Cent* 

EFPICIKilCY  CALCULATIONS. 

ff 
HOutput  at  full  load. 
Core  loss, 

I^R  armature  at  66  deg.  Cent. 
vommutator  and  brush  loss, 
0hunt  spools  I^R  at  65  deg.  Cent. 
Shunt  rhecstat, 

3eri3fj   spools  -  I^R  at  65  deg.    Cent-  ^ 

Series  rheostat   I^R  at  65  deg.    Cent.  « 

Beurinr  frictio.j  and  windage    (estimated) 
?o;al    input, 
CoiEiLercial  efficiency  at  full  load  and  65  deg. Cent- 

TfBIGHT   (  POUKDS   ) 

COFRBB; 

Immature  conductors, 
Commutator  segments, 
Situnt  spools. 
Series  spools. 
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IROH^^  STEEL: 

.^mature  laminations, 

^nuature  spider, 

vominutator  spide.r> 

>ole   cores  aiid  shoes, 

ipice ,  , 

3i)aft, 

Searijqgs  and  Pedestals, 
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This  book  may  be  kept 

FOURTEEN  DAYS 
A  fine  of  TWO  CENTS  will  be  charged 
for  each  day  thaJxKik  is  kept  overtime. 
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